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Sega Tous Planetarium Homestar Original | 








Imagine enjoying the sky full of stars while sitting 
on your sofa. This dream can become reality with 
the Homestar Original from Sega Toys. The high 
definition planetarium with the ultra-bright 3 watt 
LED and its rotating movement projects the night 
sky throughout the year. Two interchangeable 


disks containing the fixed stars in the northern 





hemisphere will enable you to observe the night 
sky or the map of constellations. And with the 
integrated “shooting star’ function you can help 
your dreams come true even quicker. Projection 
angle and focus are adjustable. The handy timer 
lets you fall asleep while gazing at the stars, 


turning off the planetarium automatically. 


www.segatous.space 
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“New developments mean that 
some of the tech seen In Star 
Wars is becoming a reality” 


Real-life Star Wars tech, page 52 





Charlie 
Production 
Editor 
Could water be 
the clue to alien 
life? Head over to 
page 64 to 
discover the many 
water worlds that 
might hold the 
answer to this 
exciting question. 





Katy 
Research Editor 
Ever wondered 
why you sound 
just like Beyoncé 
or Bublé in the 
shower? With this 
musical mystery 
solved on page 38, 
my time at How It 
Works comes to 
an end. Bye! 





Jack 
Senior 
Staff Writer 
Planet Earth II is all 
well and good 
but prehistoric 
monsters are 
where it’s at. 
Check out some 
gigantic ancient 
creatures on 
page 72! 


Meet the team... 





| yw X 
James 
Staff Writer 
The newest 
hypersonic engine 
designs are truly 
breath-taking, and | 
mean that 
figuratively and 
literally. So speed 
over to page 14 to 
discover our future 
in the skies. 








Duncan 
Senior 
Art Editor 
The force is strong 
with this issue. 
You want your 
very own speeder 
bike and real 
lightsaber, | hear 
you shout - well 
find out how on 
page 52! 





Laurie 
Assistant 
Designer 
From agile 

pondskaters to 
hefty bumblebees, 
flick to page 26 to 
find out how 
animals use the 
nifty secrets of 
physics to survive 
life in the wild. 





Travel broadens the mind, but 
a large chunk of your holiday 
time is taken up by the journey 
itself. Over the next few 
decades, however, that could 
beset to change with the 
development of commercial hypersonic planes. 

These next-gen jets will be able to take you to 
the other side of the world in just a couple of 
hours, travelling at mind-blowing speeds. So far, 
the only aircraft on our planet that have reached 
Mach 5 and above are experimental planes and 
Space Shuttles during re-entry. Advances in 
aeronautical engineering and smart materials 
means that we will soon see passenger jets 
reaching hypersonic velocities, reducing the flight 
times between London and Sydney from 22 hours 
to just two. Bonzer. 

Also this issue, the humanoid robots like 
Pepper and Asimo in our Star Wars tech feature 
are very much the droids I'm looking for. Maybe 
we'll have real-life BB-8s loyally rolling alongside 
us soon enough. Enjoy the issue! 


Jackie Snowden 


FOLLOW US... @ How It Works magazine @Q@HowltWorksmag ToshMee Deputy Editor 
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the Back To The 
Future franchise, Jo 
jumped at the chance 


Jonny takes us on a tour 
of the Solar System and 
beyond in a search for 


Editor of our sister 
magazine All 
About Space, 


so catchy? And what 
makes the same 
note sound unique 


investigates the 
mystery surrounding 
Devil’s Kettle Falls in 
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GLOBAL EYE 


Showcasing the incredible world we live in 


ISEB olives 








new solar panels 


The solar roof that could revolutionise how we harness the Sun’s energy 


Solar panels are often criticised for 
9 JoYeybavem olevicavacbalemepat-iancs(@ahi(cmolvit 

| SKI EME keri me(ent(e) ojeyentsvelmeelellomers 
about to change that. The solar roof - comprising 
hundreds of small panels that look like regular 
roof tiles - is another foray into renewable power 
by the US motor company, and will produce 
enough energy to power an average-sized house. 


Each tile contains a solar cell encased in 
tempered glass. The coating is engineered to be 
as durable as standard slate roofs, withstanding 
even the heaviest of hailstorms. Installing the 
roof is projected to cost approximately 0 
(£5,200), but company CEO Elon Mus 
promised it will be cost-effective, r 
substantial savings on househol 


To give the roofasleek, high-end finish, the 
solar cells in the tiles can only be seen from above 
when exposed to sunlight; they are invisible from 
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Powerwall 2 


Another of Tesla’s Energy products is the Powerwall 2. An 
Uy exet-)nsMo)mual=me)ale|lat-]maxe\uiclaise]| MMU al ism aoe ate] ae [st-]1e) (= 
lithium-ion home battery is installed on the wall of a house. 
VsVdakelamaacwolelamicwsialialiavepmaalsmcve)t-] am cele) my || mevat-lae(omaars 
Powerwall 2, which will store energy for use both day and 
night. The Powerwall 2 will also act as a back-up generator 
and will kick in if the tiles experience any power outages 
during extreme weather. 

NV UISS qn foam fated c=Xel] 0) \varoxe) aja (e(clalmmual-lmmdal=sX-m-lororiia(=lalelhvmare)aare 
batteries will become popular, so much so that the CEO has 
predicted that the Powerwall 2 will outsell Tesla’s vehicle 
range after its release in 2017. 


Maida (ole)o)(-mustoMclal-) gene) i 
its predecessor, Powerwall 2 
fore] alm eLe)YiV(=) a= Im AVAVZ0 re ol=1e] cele) an 
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Tempered tiles 
The solar roof is so strong that 


you can walk on the tiles 
without them breaking. 





Long-lasting 


Musk is looking to the long 
term, stating that the roofs 


_ will last for up to 60 years. +? —— | 
Eee : = ; 
_ . 
= 4 


Efficiency 

Tesla is working on special 
coatings that refract captured 
light and harness even more 
of the Sun’s energy. 







Aesthetics 

A colour film helps blend the 
solar cells into the roof tiles so 
they aren’t visible. 


‘Tesla CEO Elon Musk has promised the 
solar roof will be cost-effective, resulting in 
substantial savings on energy Bills” 
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Smooth glass tile 
aM at=ssx=m iliac) ascia(omu| (stom e)ae)'i(e(=¥e| 
sleek, even appearance. 








Tuscan glass tile 
This tile replicates those used on 
many Mediterranean-style homes. 





a=) adel acveme|t--m al (= 
These tiles offer a slightly more 
aU lele[=\om (ele) @ 





Slate glass tile 
These ‘slate’ tiles would be difficult 
moked /ale [Ul amige)anmantem cct-] muallalen 


©Tesla 
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CHINA 
LAUNCHES 








ITS LARGEST 
EVER ROCKET 


The Long March 5 is a giant leap 


towards the first Chinese space station 


China has made a huge step forwards in 
hh its ambition to become a new space 

superpower. Lifting off from the 
Wenchang Space Launch Center on 3 November, 
thousands watched on as the 869-ton Long 
March 5 made its maiden flight. It is the biggest 
rocket ever launched by the nation, and the 
successful test demonstrates China’s aspirations 
to rival NASA in space exploration. 

Using fuel made from a mixture of kerosene 
and liquid hydrogen, the rocket is more 
environmentally friendly and has more thrust 
than its predecessors, Long March 2,3 and 4. The 
rocket’s greatest asset, however, is its ability to 
carry huge payloads of up to 14 tons into orbit. 
Long March 5 blasted off with the satellite 
Shijian-17 in tow, which will test the use of solar 
and battery-powered space propulsion for future 
greener missions. 

The event is only the start for China’s future 
Space missions. Next year the unmanned robotic 
probe Chang’e 5 will be sent to the Moon to 
retrieve samples, the first lunar exploration 
mission to do this since the 1970s. This will be 
followed by an even bolder mission in the 
summer of 2020 when an orbiter, lander and 
rover is due to be sent to Mars. Two years on from 
that, China hopes to replace the temporary 
Tiangong-2 space station with a permanent 
version. Rockets like the Long March 5 will be 
essential in realising this ambitious vision. 


ai ayem me)avem \\/t-laeamom [1ancveme)nmigeeamunt= 
AYAVeY aYod atc] ale Bee) oy<Lexo¥s Wr] 0] a\e1am@x=)ale=)a@relamnt-lliat-la 
ikelalemlamcxelehuatsiaamevaliar< 
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NEWS BY 
NUMBERS 





The number of new electric 
vehicle ‘charging corridors’ 
to be built in the US 


The estimated voter turnout 
in the US presidential election, 
0.7% less than in 2012 


The weight of the world’s heaviest 
earthworm, almost twice the 
weight of any other on record 


The predicted boost in grain 
yield in the UK from new 
genetically modified wheat 





hf UK streets 


LUTZ Pathfinder 


c | vehicles 


successfully completed a 
(o)at=ta di ce)patsidacmeliaelelis 
rl aelelarem\VIline)am cs) aalstom 


Scientists from the University of Oxford have successfully business district 


tested an autonomous car on public roads 


On the streets of Milton Keynes, a self-driving 
me vehicle has rolled into town. The LUTZ 
4 jas 1d ebubeols) a (snd elem O) @ spon acim-lbine)slevenlelersners Dane) 
be tested in a public space, using cameras and LIDAR 
light sensors to navigate. The two-seater prototype runs 
using Selenium software that captures 20 high- 


BAY oly atetc(e(ze 


Sikle Cele 


on the rise 
AW aalelecinsomercltsiersbace 


embryo is the latest 
in aworrying trend 


- Sharks with two heads are 
i > becoming a more frequent 


sight in the world’s oceans. 


Known as polycephaly, the 
condition is now surprisingly 
common in sharks. Several years 
ago, fishermen in Florida founda 
Jo)VUESJatsbacen siden: manor elcrslelsvel 
foetus in its uterus. In 2008 a 
imNVond eters Xo (sro me)ue(cesvet-Dacassenleyarce) 
was discovered in the Indian 
Ocean. In October, Spanish 
researchers observed a two- 
JatereXe(sromsvanloyayeneya-dewarat-belale 
sawtail catshark, the first 
documented in an egg-laying 
shark. Possible causes include 
ole) NLv iw Coyemmbenicrereleelseeyar-Bacrenelacrel 
gene pool due to overfishing. 





ON (eTanisiallalem at-lomerg=y-]acle ir] 

Ja ateli(=)are(sdalow ecole) Maal (on maat-)V 
have led to a rise in these 
fe[=Val=va Lome] e)aleaaateliiucssss 


definition images per second. The software was created 
by Oxbotica, a University of Oxford spin-out company, 
and the technology is the result of an 18-month project. 
Selenium is also set to be used in future public 
transport, with 40 more of these driverless cars to be 
released next year. 








Rare swordf ish-like 
fossil unearthed 


A100-million-year old prehistoric predator 
has been unearthed in Australia 





In the outback of northwest Queensland, the 
near-complete remains of a swordfish-like 

MENS creature have been discovered. The extremely 
rare fossil was found by two families who were on 
holiday, and the bones are believed to be from a three- 
metre-long ray-finned fish called Australopachycormus 
hurleyi. The creature is similar in appearance toa 
swordfish (pictured), right down to the pointed snout. It 
swam the oceans while dinosaurs roamed the Earth and 
was a carnivore that preyed on other fish. 
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GLOBAL EYE 
COOL THINGS 
WE LEARNED 

THIS MONTH 


















Heroic cells fight 
viruses with viruses 


The marine microbe Cafeteria roenbergensis 
has an enemy - the giant CroV virus - which 
al ite\ei ecm ualcMe)gel-laliciaa kom aat-lenll ate) mYacen a=) 9) (er 1K= 
itself, killing the microbe in the process. But 
the Cafeteria species has an ingenious 
defence mechanism; it releases a mavirus (a 
(o fo) 0) (eteci r=] ale (cre mB) N WAY [a 05>) Bc} Ke) acre Ml [aici (e(oM | aS 
genome when infected. This doesn’t save 
the microbe, but ensures that the virus can’t 
destroy others. The tiny mavirus hijacks the 
CroV’s replication mechanisms, which stops 
lta voM la)icvoii(e)amige)aas)e)a=y-(6|| ae mkeMelualslaerc)| ice 









Plants can be used 
as bomb detectors 


Scientists at Massachusetts Institute of 
Technology have devised a way to 
transform the simple spinach plant into a 
tool that can identify landmines and buried 
munitions. By incorporating carbon 
nanotubes - long and incredibly thin 
cylinders of carbon - inside the plant 
leaves, the scientists can determine when 
nitro-aromatics are present in the soil. 
These compounds are often found in mines 
and munitions and alter how the carbon 
nanotubes glow, allowing underground 
dangers to be detected. 


We'll soon be 
seeing outer 
: a ale A space in 3D 
Genes give chipmunks . ~ The James Webb Space Telescope 


= = will be joining Hubble in outer 
their stripes an < ~_. | Space in 2018, and together they 
A new study has shown that chipmunks’ stripes are the | = will be able to paint a deeper 
result of a gene change. This mutation causes skin cells to ie a ~~ picture of our Solar System than 
stop producing melanin, a dark pigment, leaving white ee. a © ever before. As the two will be 
streaks through the dark patches on their backs. This is the Se Ss SOSeparated by about 1.5 million 
same gene that gives many rodents their pale underbellies. _ ne , kilometres, they'll be able to 
These signature stripes are thought to help chipmunks hide = /#% Cr. a generate depth perception when 
from predators hunting from above, such as birds of prey. ee” Ss = = ae pointed at the same object, “Xi 
, | = providing us with a 3D view. hy 
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A volcano Is 
ejecting heat 
from nowhere 


The first ‘cold-blooded’ active volcano 
has been discovered. Unlike its volcanic 
neighbours, which are fuelled by magma 
rising from a tectonic plate subduction 
zone, researchers have been unable to 
find a heat source for the Mount St 
Helens volcano. 


Roller 
can help dislodge 
kidney stones 


Two researchers have found that riding 
roller-coasters may help with passing 
kidney stones. Their investigations, which 
involved repeatedly riding a roller-coaster 
with a 3D-printed kidney tucked beside 
them in a backpack, began after three 
separate patients told them how visiting 
the rides had helped them pass their 
stones. They found that around 64 per 
cent of their artificial stones cleared after 
a single spin. 


Our intestines 
have inspired a 
new battery 


Lithium-sulphur batteries could 
theoretically hold far more energy than the 
lithium-ion ones used today. But realising 
their potential means clearing some 
hurdles, such as their rapid degradation. 
Scientists recently developed a nano-layer 
of protrusions - similar to the microscopic 
villi in our intestines - to prevent the loss of 
active material by trapping tiny fragments. 


WWW.HOWITWORKSDAILY.COM 


We’re hunting for an 
alien megastructure 


The Breakthrough Listen project, an initiative 
committed to spending $100 million (£80 million) in 
the search for alien life, has turned its attention toa 
curious anomaly in space known as ‘Tabby’s Star’. This 
star has peaked considerable interest thanks to its 
irregular dimming pattern, and some optimistic 
scientists believe this could be due to an alien 
megastructure that’s blocking the flow of light. The 
Green Bank Telescope, a sophisticated radio telescope 
in West Virginia, US, will soon be investigating. 


The Northern Lights pop 


Those of us lucky enough to visit Finland in order to see the 
Aurora Borealis may notice a peculiar sound joining the beautiful 
visuals. This mysterious faint crackling or popping noise was 

fo) alex=¥auale)e le] nl mcm ol-- Wile] pat=)alme) im elsve)e)(=homlnalele)lar-li(e)aicem elem all 
research has found that sparks of electricity discharging 
underneath the aurorae are the true cause. 


Parrots once 
inhabited Siberia 


The very first parrot fossil has been discovered 
near Lake Baikal in Russia, the furthest north such 
a bone has ever been found. The fossil has been 
dated at between 16 and 18 million years old, and 
suggests that the birds may once have populated 
Eurasia as well as sub-tropical regions. 
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A mechanical 
design engineer 














How to customise 

helicopters to meet the Gordon and his (=e 
requirements of clients eens 
from across the globe concent tall 


completion 

t the Airbus Helicopters headquarters in 

Oxford, UK, Gordon Bailey and his team 

prepare the design data for structural and 
mechanical components installed on aircraft. 
Using computer-based design software such as 
CATIA 3D, they take an idea on paper and develop 
it not justinto a helicopter, but a sophisticated tool 
that will accomplish the customer’s mission; 
whether that’s for emergency, military, business 
or private services. 

Today’s project is to construct Human External 
Cargo baskets. These structures are suspended 
from helicopters and allow essential 
maintenance on live high-voltage power lines to 
be completed safely. We spoke to Gordon about 
his role ina design department that is recognised 
as an international centre of excellence. 


SORTING THE SCHEDULE 


8am 
After a quick check of my emails, I 
review the planned activities for the 
day ahead. I have a team of people who 
work with meso my responsibility is for them to 
have clear objectives for the day. We are the first 
step ina chain of work so it’s essential that we 
keep to scheduled completion dates. 


DAILY MEETING 
9am 


Every morning we have a build review 

meeting on the hangar floor. We are all 

updated on task progress and if we 
have any issues, they are raised and then 
addressed. We have to investigate the root 
cause of any problems and develop a solution 
that can be incorporated into the design, and 
therefore the aircraft. With a platform as 
complex as a helicopter with more than 3,000 
dynamic components, issue resolution is one of 
the key jobs. 
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DAY IN THE 
LIFE OF 


ee THE MATERIALS 
Tl . irbus Helicopters is 2VUam 
One of OU! CUTTe nt pr O] = cts oe ee eine | We organise a variety of tests to make 


manufacturer of 


is to design ‘baskets: that helicopters employing GIN SUte the design is safe to use. Ifweare 


: " over 23,000 people working on an interior fit, flammability 
SUS p Cl) d fr OT) OG A e | ICO p te [ tests are undertaken, as everything we produce 
must meet European Aviation Safety Agency 
requirements. We conduct burn tests on 
material samples, review the results and then 
certify materials for safe use on the helicopter. 


WORKING ON THE BASKETS 
11.30am 


One of our current projects is to design 

‘baskets’ that are suspended belowa 

hovering helicopter, allowing 
operators to perform maintenance work on 
power lines. In the basket, workers will be 
protected from 400,000 volts by Faraday cage 
technology. We have to make sure that all the 
components within the basket are all 
connected to prevent any dangerous electrical 
hot spots building up. 


LIAISING WITH MANUFACTURERS 
1.30pm 


We frequently liaise with the 
manufacturing areas of the company in 
order to support the build and 
completion of the designs. During the 
The designs are construction of the baskets, anumber of minor 
created using a 3D amendments may be required to ease 
Softweleibae pags manufacture. For instance, the manufacturers 
called CATIA 
could request that different materials are used 
to what we have suggested, due to the 
availability of certain supplies. A constant 
review process is required to ensure the 
successful completion of the basket build. 


FURTHER TESTING 
3.30pm 


We often get involved in the testing 
and certification of our designs. This 
| can range from ground-based vibration 
testing and environmental testing of new 
equipment, to supporting flight testing, which 
ensures the product works safely and meets the 
performance requirements. 


END OF THE WORKING DAY 
5.30pm 


The day ends with a review of the 

progress made on all the tasks 

currently in work, with a look ahead to 
what will be undertaken the next day and in 
coming days. The job isn’t for the faint-hearted, 
but the variety of work and the challenges it 
offers make it exciting and, once delivery is 
complete, rewarding! 














ewe = == 


' Sticaaee . — 


© Airbus Helicopters/Paul Cordwell/ Steve Hampson 
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beginning. We've already created aircraft that 
can reach Mach 20 - that’s nearly seven 
kilometres per second! As long as these vehicles 
can withstand the pressure in the atmosphere, 
they can keep moving faster and faster. 

For over 30 years we were able to use Concorde 
to fly at supersonic speeds. It broke through the 
sound barrier and revolutionised air travel. But 
now the aim is to go faster than ever, with jets 
and commercial airliners capable of reaching 
even greater speeds. This is, of course, no simple 
task, but little over a century after the Wright 
brothers first took to the skies, we're still 


link and you'll miss them, but you'll 
definitely hear them. Hypersonic aircraft 
may look similar to the jet planes we’re 
familiar with, but these engineering marvels are 
completely different beasts. Able to attain 
speeds that would literally tear a conventional 
passenger jet apart, hypersonic aircraft possess 
unique engines, are built from advanced 
materials and are packed full of intelligent tech. 
So just how fast are they? By definition, a 
Supersonic vehicle can move faster than the 
speed of sound - or Mach1- which is 1,235 
kilometres per hour, or 343 metres per second. 
But to be classed as hypersonic, planes must fly 
at least five times this speed - 6,175 kilometres 
per hour, or 1,715 metres per second. And their 
speed isn’t limited to Mach 5; that’s just the 





Hypersonic vs supersonic 


For many years experts believed it was simply impossible to fly 
faster than the speed of sound. But that all changed in the 1940s, 
when US test pilot Chuck Yeager flew faster than Mach 1 - the 

fj oe=\e ro) mesyol0) ale Mem ce) mudal-Malecimmdjaat-Mlamalelant-lemalcine) ava 

(Ta) fore) .<=1aom of=) (em al=t-] em dal-mcvo)al (om olelolanW-lomual=m 0) a=sss-10 | aici-\eWr-| 16 
gave way to the Bell X-1 rocket plane, and they realised that 
supersonic aircraft were dealing with new extremes. 

But although supersonic aircraft have to overcome many 
obstacles to break the sound barrier, these factors are 
compounded when moving at hypersonic speeds. At Mach 5 and 
above, the air does more than just form shock waves. At such 
high speeds, the air heats the surface of the aircraft to very high 
1=1nn) el=)e- 140] cotoem 1a (0l0(e] am kom aal=) | mc) X-1-) Mem] ave mdal=M-)alellalcsomal-hVcmne) 
cope with huge pressures. 


Below Mach 1 

The aircraft compresses 
the air in front as it moves | 
forward and emits noise 
from its engines, forming 
waves that move away at 
the speed of sound. 


| What causes a 
sonic boom? 


aa ol asr-Ldiaremanlaelecelaman(-B-vele lave 
barrier is such a noisy affair —_= 





Continuous boom 

An aircraft travelling faster than Mach 1 is 
constantly producing shock waves, which 
merge to form a cone. In certain conditions, 
this is visible as a conical cloud of water vapour. 


PN gol] ale Wy howd oy< I-31) le [=] e-mexel 0] (em ol-mne-lal-jele)ancte| 
at Mach 10 inside the Skreemr 


Above Mach 1 

As the plane exceeds the speed 
of sound, it overtakes the 
waves. This causes a change in 
air pressure, or a shock wave, 
which is heard as a sonic boom. 





“Hypersonic aircraft attain speeds that would 
tear g conventional passenger jet apart” 
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building new and innovative aircraft. | lI 
This technology reveals new realms of iT 
possibility that would make air travel more } 

| 


efficient and convenient than ever before. | 
Dentckeabelcmaachi(cuesberemercbuanichyecbaelepeloudelcmnie arousal 
just a few hours, or seeing a spacecraft climb into ' 
id alemole)olcyar-imeelessye)elcyacmnvanmerelelm- mea tet-Delu len ele) \¢a1m ' 
The most exciting part is that this isn’t the stuff 
of science fiction - we've already flown vehicles 
at hypersonic speeds, and researchers are now 
developing hypersonic planes suitable for public 
use. Read on for more of these incredible feats of 
engineering and the faster world that awaits us. 
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SPEED 
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MACH 1 


At Mach 1 

When the aircraft 
reaches the speed of 
sound, the air being 
compressed cannot 
move away fast 
enough, so the waves 
accumulate at the 
nose of the plane. 
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BUILDING A HYPERSONIC VEHICLE 


The challenges and successes in the engineering community's quest for hypersonic flight 


Supersonic aircraft such as Concorde differed materials such as ceramics. And they can’t stop rocket engines — the only proven systems to 
greatly from their subsonic counterparts. They there, because eveniftheyareabletowithstand power hypersonic vehicles — engineers asked 
had adapted wing designs and advanced the heat, the pressure at low altitudes is simply themselves a more ambitious question: could we 
engines. These changes allowed Concorde to too great to fly at hypersonicspeeds. Hypersonic take what we've learned about the jet engine 
Saatstlommebaelerdomaelcecvelepelome-tealssemnuelleeets vehicles need to climb high up into the and design an equivalent that works at high 
something subsonic commercial jets were atmosphere, where the air is much thinner, in supersonic, and even hypersonic, speeds? 
shashe)avmepetsle)(snnene len order to lessen the strain on the aircraft. This led to the invention of the supersonic 
The difference between a supersonicanda Perhaps the biggest consequence of the combustible ramjet, or scramjet. Taking the 
hypersonic aircraft is even more striking, intense airflow is that hypersonic vehicles can’t principles ofa jet engine and stripping away all 
because at hypersonic speeds the rules change even use the same engines as subsonic aircraft. of the unnecessary components for hypersonic 
completely. The previously benign air starts to Air moving through supersonic plane engines travel -such asa turbine and a compressor - 
become aserious problem, as aircraftmovingat | doessoatsubsonicspeeds (the supersonic allows air to move through much more quickly. 
hypersonic speed generate huge amounts of airflow is slowed by an engine inlet), but ifyou With few moving parts, these simple-looking 
friction. This resultsin temperatures hot enough _ tried using asimilar setup when travelling at engines produce enough thrust for an aircraft to 
to melt the frame ofastandardjet,sohypersonic hypersonicspeeds, it would melt or simply soar at incredible speeds; and in doing so, have 
aircraft must be built from robust heat-resistant | explodebefore your eyes. Butratherthanrelyon started to bring the future of air travel to life. 
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{ ‘Ramming’ 
Air is forcibly packed into the 
engine due to the immense 
speed of the aircraft. 























ay Supersonic flow 
Airflow is slightly slowed to 
w= increase temperature and 
pressure but still flows through 
the engine at supersonic speeds. 









Speed 

Scramjets are most 
efficient at hypersonic 
speeds starting from 
around Mach 6. 


Supersonic airflow 
An inlet conditions the 
airflow before delivering it to 


‘Air-breathing’ engine 

Unlike rockets, scramjets rely 
S = t the engine, where heat is eae SU NDePHEre we _ 

cramje then added in order to Subsonic airflow 

Air is drawn into the engine by 


= generate the thrust needed. 
engine turbines and compressed, slowing 


the flow to subsonic speeds. 











Conventional jet engines are 
capable of operating at 


speeds of up to Mach 3.5. 
1 
Compressed air combusts HEA 


|_| 
the fuel source and leaves at Conventional 
a higher temperature and jet engine 


pressure through the 
exhaust, producing thrust. 





Combustion 
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A hypersonic vehicle would experience 4g2,000kg/mé of pressure if flawn at ground level 


The Waverider’s hypersonic design is 
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Thrust 

Pressurised air combusts the 
fuel source and produces 
thrust as it exits the engine. 
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Dr Kevin Bowcutt is the senior technical 
fellow and chief scientist of hypersonics at 
Boeing. He is an AIAA Fellow, a Fellow of the 
Royal Aeronautical Society, andalsoa 
member of the National Academy of 
Engineering. He holds BS, MS and PhD 
degrees in aerospace engineering from the 
University of Maryland, US. 


Why is Boeing so interested in 
hypersonic technology? 

Boeing is interested in hypersonic 
technology for several reasons, including 
application to missiles, aircraft, and space 
planes. Hypersonic airplanes may someday 
whisk passengers and cargo across oceans 
in an hour or two, enabling international 
day trips. Perhaps most exciting ofall, 
reusable hypersonic space planes may make 
transportation to Earth’s orbit more like 
flying in an airplane than a rocket, and 
therefore much more affordable - up to 100- 
times cheaper. 


What hypersonic technologies are you 
currently developing? 

Key enablers to make hypersonic flight a 
reality include lighter and more durable 
high-temperature materials, increased 
hypersonic engine efficiency, and advanced 
sensing and data analysis technologies. On 
the technology front we are developing 
advanced high-temperature ceramic matrix 
composite materials, structures, and 
thermal protection systems. We are also 
developing, and have applied, advanced 
hypersonic vehicle design methods based 
on multidisciplinary design analysis and 
optimisation (MDAO). We have designed, 
and continue to study, hypersonic vehicle 
concepts such as missiles, reconnaissance 
aircraft, passenger airplanes, and reusable 
launch vehicles (space planes). We have 
built and successfully flown two scramjet- 
powered experimental vehicles, the NASA 
X-43A and the USAF/DARPA X-51A. 


What are the main challenges you 
currently face? 
Finding materials that withstand very high 


FLIGHT A REALITY 


We spoke with Boeing's chief scientist 
of hypersonics, Dr Kevin Bowcutt, 
about the future of high-speed travel 


temperature, 
and that are 
lightweight and 
durable, remainsa = 









challenge, although good progress is being 
made in their development. Scaling up 
scramjets to larger sizes (beyond small jet 
engine size in terms of air flow rate) and 
speeds above Mach 7 is another difficulty 
due to ground testing limitations. 
Integrating low-speed and high-speed 
propulsion systems into combined cycle 
engines is another area for further 
development; combined cycle engines are 
required to accelerate from zero to 
hypersonic speed. Additional challenges 
include vehicle thermal management and 
thermo-structural health monitoring, as 
well as designing highly integrated systems 
such as hypersonic vehicles, driving the 
need for MDAO. On top of this, adequate 
funding isa perennial problem, although 
the situation is improving. 


What is the overall goal of your project? 
While Boeing is not developing a hypersonic 
airliner, and does not see a near-term 
demand for the product, we continue to 
research many advanced hypersonic 
concepts and technologies, so that we are 
prepared if the market develops for such 
vehicles. The potential for hypersonic 
aircraft in the future will require further 
advances in several areas of technology, as 
well as market demand. Ultimately, we 
want to help create the future of flight: 
ultra-rapid global transportation and 
routine and affordable space access. 


How do you picture the future of 
hypersonic flight? 

Although it’s likely to be a few decades 
away, I envision a future where Mach 5 
airplanes fly people between international 
cities in a couple of hours, and space planes 
routinely fly people to a hub in Earth’s orbit 
for connecting flights to the Moon or Mars. 
Eventually, these vehicles will be powered 
by clean, high-density energy, probably 
some form of safe nuclear power. 
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THE FUTURE alte 


Exploring the concepts that could one day replace the jet plane 


If there’s one lesson that we've learned about 
hypersonic flight so far, it’s that heat, weight and 
power are all major obstacles. Too much weight, Rival aerospace engineers are tackling the eeoiddicke cesice cin 
and you can't reach the desired speed. Too much same mission in two very different ways dompetitive with thoseor 
heat, and your aircraft will melt mid-flight. And subsonic airliners. 

then there’s the question of how we can power 
our machine to hypersonic speeds and keep it 
there. Fortunately, solutions for each of these 
critical problems have been suggested - and 
some seriously cool aircraft have been designed 
in the process. 

Innovative engineers such as Charles 
Bombardier have been at the forefront of these 
endeavours. His envisioned aircraft, called 
Skreemr, would take to the skies with the help of 
an electrical launch system such as a railgun -so Airframe Rocket booster 

The shape of the aircraft " 
we could be bidding farewell to runways one allows the pilot to daciantsiae es 
day. A ce TD isan sksaier gem ctie STs ane | aie eee engine ough eae diane 
uses electricity to launch projectiles at incredible ——__ beyond Mach 1. 
speeds, and could be used to fire the Skreemr 
into the air. This would eliminate the need for AIRBUS 


tons of extra rocket fuel for take-off, reducing the Mounted ramjet engines 
These engines generate thrust 





Hypersonic hopefu Is Up to 300 passengers plus 


baggage can be transported, 


















REACTION ENGINES 


























aircraft's weight considerably. once the aircraft has reached a 
Another design by Bombardier, known as the high altitude and is travelling at 
FAV ahah oferel=pmere ello me. (elc@lom a elcw alcr-im eae) (-JeeR-Kans) ot supersonic speeds. 


as the menacing sonic boom. By using counter- 
flowing jets of air that move outwards in front of 
the aircraft, the temperature generated from 
aerodynamic friction and the sound produced by i 
the sonic shock waves would be significantly . 
reduced. And these features would help.the 
PNotaloere(-Sin@bl oncom E-lelat-VMe vel bbAiccU(-velmnobxe pele 
kilometres per hour! These designs are still 
some time away from being realised, but Airbus \, 

and Reaction Engines have recently generated Rotating fins 

two concepts that could have us cruising at Fins at the rear of the plane 


Janta oXcvecroyebloks) olctctelchaot-lmenlb(olebsvefeyelsva Call SICH DEtWween 
horizontal and vertical 
orientations for increased 


stability and speed control. 


Rising to new heights | 


Airbus’ Ultra-Rapid Air Vehicle will cruise over 
twice as high as today’s airliners 





Cruising 
Advanced ramjet engines 


Climbing are ignited when the 
Once the aircraft has aircraft reaches an 


reached the lower 
Take-off stratosphere, the altitude of 35km. 
Jet engines attached rocket engine ignites. 
to the fuselage 
would be used for 
taxiing and take-off. 


Accelerating 

The aircraft breaks through the sound 
barrier while travelling vertically, causing 
the sonic boom to travel horizontally 
instead of towards the ground. 
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Liquid hydrogen fuel, which most hypersonic aircraft will use, is much safer than conventional kerosene fuel 


The history of hypersonic travel _ .:: the ist vic e 


It’s been 60 years since a piloted vehicle first travelled faster than Mach 5, hypersonic speeds 


breaking the hypersonic barrier in a defining moment that showed the true 
possibility of space travel. The X-15 aircraft not only showed us that we could be 
carried at hypersonic speed, but taught us about how best to design, control and 
safely land a vehicle capable of achieving such a feat. The aircraft itself was 
essentially a rocket/plane hybrid, built to endure temperatures up to 700 degrees 
Celsius and fly at an altitude of over 100 kilometres, while being blasted through 
the air by a rocket engine at the rear. 

Its achievements filled its creators with confidence that they could soon launch 
a vehicle into space at high speeds and bring it back into the atmosphere safely. Pt 
Essentially, the X-15 played a role in putting humans on the Moon. 


Fuel 
Almost half of the aircraft’s 
weight - approximately 400 


tons - is its fuel mass. 









Turbo ramjets 

A turbojet and a ramjet are | 
combined into a single engine 
that is capable of take-off and | 
landing, as well as cruising at 


No view 
Windows that can cope with the heat of 
hypersonic travel are expensive and heavy. 










Passengers may have internal screens 
linked to viewing cameras instead. 













Fuel tank 

Airbus’ design would 
be fuelled by on-board 
liquid hydrogen and 
liquid oxygen, as well 


| Passengers 


up to 20 passengers 
along with two pilots. 






hypersonic speeds. 








This concept can carry 





as ambient oxygen 
from the air. 


aN atsws).ca=\clanl@auelel (emanate .comelsy= 
of an electrical launch system 
to accelerate to high speeds 


® 


| Retractable 
turbojet engines 





used during take-off and 
are then withdrawn into 
the fuselage, making the 





Conventional engines are ‘We could be 
bidding farewell to 
| vehicle more streamlined. runways one day mn 
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HIGH- 
SPEED 
HOLIDAYS 


It may soon be possible to 
watch the Sun rise in Paris 
and set in Tokyo 


Most of us see travelling to the other 

side of the globe as the trip ofa lifetime. 

Aside from the expense, these journeys 

take a very long time indeed. When we 

have to watch hours upon hours of in-flight 
entertainment on long-haul flights, it feels like 
we're lumbering through the air. 

Ever since the world lost Concorde in 2003 
we've been content to fly within the sound 
barrier. But the answer to our travel woes could 
be to punch right through it and go faster than 
any passenger plane has before. By flying atthe 
upper limits of supersonic speed and into the 
hypersonic region, we could dramatically 
reduce travel times and change the way we 
explore the world. 

The unique design of the aircraft has 
become the main challenge for 
revolutionising air travel. Most 
passengers probably wouldn't 
be comfortable strapping 
into a rocket and blasting 
across the planet. Usinga 
rocket for international travel would 
also be infeasibly expensive, complicated and 
bad for the environment. Ideally, the hypersonic 
passenger carrier of the future will operate 
much like today’s subsonic airliners, Passengers 
would be able to take their seats in a pressurised 
cabin, and the vehicle would be able to take-off 
and land unaided on a conventional runway. 

Engineers have decided that using multiple 
engine types is the way to get this technology off 
the ground. Typical jet engines could be used for 
take-off and landing; a rocket engine could then 
propel us to great heights and speeds; and then 
the supersonic or hypersonic engine could take 
over. This would nevertheless be something ofa 
thrill ride, as some designers believe their 
aircraft would have to take off near vertically! 
Those of us with a nervous disposition to flying 
may find it best to stick to the relatively sluggish 
speeds ofa jumbo jet. However, for those 
holidaymakers and businesspeople who want to 
maximise the time spent at their destinations, 
and are willing to brave a vertical ascent into the 
atmosphere, hypersonic journeys will be the 
way forward. 
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Rocket power 

Rockets take over from the 
jet engines after take-off to 
increase the aircraft’s speed 
to at least Mach 2.5. 


Liquid hydrogen 
Two tanks of hydrogen 
are used to fuel the 
rockets and ramjets. 


Lightweight materials 
To compensate for the weight 
of multiple engines, the frame 
must be lightweight yet strong 
enough to endure high levels of 
aerodynamic drag. 


It would take a hypersonic vehicle 
foyal \Varelamalelel ar-laremr-M al-limeemnae)\-)| 
from London to Cape Town 


| Taking tourists to the 
upper stratosphere 


Meet ZEHST, the Zero Emission High- 
Speed Transport of the future 


Jet engines 
Subsonic jet engines are 
| required for take-off and 
a Safe landing. 


Oxygen tanks 
Unlike the other 
‘air-breathing’ engines, 
the rockets require a 
source of stored oxygen 
for fuel combustion. 


Ramjets 

When the aircraft’s speed reaches 
3,100km/h, air can be ‘rammed’ 
through the ramjets fast enough for the 
engines to produce thrust. 


yA ahd oX=1 es10) al (om\c=)nlreutsmexelei(emet=is 
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less than three hours 





Travelling at Mach 5, you could circumnavigate the globe In less than seven hours 


Suppressing the 
sonic boom 


Whether you’re going supersonic or hypersonic, 
breaking the sound barrier is loud. As a vehicle 
accelerates, the waves of air pressure being 
pushed along by the frame begin to merge into 
one single shock wave. This air can travel at the 
speed of sound but as a vehicle surpasses this 
speed, a drastic change in pressure results in a 
deafening clap - a sonic boom. 

The sonic boom is one major hurdle for 
aviation companies to overcome if hypersonic 
flight is going to be made available commercially. 
Concorde - the first and only public transport to 
break the sound barrier - was criticised for its 
volume and was only permitted to break the 
sound barrier over the ocean. 

Like many aerospace issues, it could be NASA 
that comes to the rescue once again. The space 
agency and its partners at Lockheed Martin are 
in the process of designing an aircraft with many 
lifting surfaces to stop the airwaves from 
combining. The result would be a series of small 
booms rather than one big one - lowering the 
sound output to that of a normal conversation. 


Helium tanks 

Helium is used to pressurise the 
propellant tanks, allowing liquid 
hydrogen to be combusted in 
the rocket engines. 


— ! Passenger cabin 

a Up to 100 passengers 
a can be carried in the 

pressurised cabin. 
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Goodb e long- 
haul flights 


Domestic hypersonic travel 
promises to make the world feel 
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NASA and Lockheed Martin’s 
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be a step towards ‘low- 
boom’ supersonic travel 


“Hypersonic travel would 
change the way we 
explore the world” 


High altitude 

To minimise air resistance 
the ZEHST would climb 
32km above sea level for its 
journey - three-times 
higher than a Boeing 747! 


Streamlined design 
The pointed nose and narrow 
wingspan, reminiscent of 
Concorde, maximise the 
aerodynamics of the vehicle. 


WIKI Hansueli Krapf; Reaction Engines; DAVID ILIFF / NJR ZA; NASA; Illustration by Adrian Mann 
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Boeing 7/87 
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a i London to New York flight times 
aes Mo ZEHST 


’ ' 6,180km/h (Mach 5) 
LONDON Concorde 
3.5hrs 2,180km/h (Mach 2) 


‘Shrs | Boeing 787 
© 920km/h (Mach 0.85) 
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How a helicopter 
rotor works 


Discover how helicopters take to 
the air and navigate the skies sia 


elicopters follow the same basic Generati ng lift The blades can spin 


aerodynamic principles as airplanes. Like at several hundred 
















What forces are involved rotations per minute. 
plane wings, a helicopter’s blades are in rotor flight? 

airfoils: curved on the top and flatter on the 
bottom. This shape generates lift by changing the Hub 
pressure and direction of the air that flows over it. The blades are connected to 

: : ; the shaft by a feathering hinge 

While planes use engines to drive forward and sothe blades cancel: 
get air rushing over the wings, fea 
: ; balan ane ee 
helicopters rapidly spin their motors. (=—-  ~ “77a 
\ et eS 

The pilot has command over this > a welt ff fy 
system using two control levers: one Sa 


controls lift by tilting the blades and the other 
steers the helicopter by swivelling them. 

Helicopters also have a tail rotor that counteracts 
the thrust of the main rotor, preventing the 
fuselage from spinning, maintaining 
forward momentum and keeping the 
helicopter stable. 
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wae Pi —=_ Changing the 
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. Pian Sd i blades increases 
ae ~~ or decreases lift. 
- Airfoil Se” Rotor mast 
. The blades are curved so \ \ The rotor spins using 
Pa that they generate lift as \ power from the 
air flows over them. helicopter’s driveshaft. 
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Hay bales are nutrient-rich sources of food for animal livestock, as the grain is harvested before going to seed 





Hay balers 


The clever machines that help farmers 
compact their harvested grains 


here’s nothing quite like ascenicview of the 

countryside. The well-tended fields sprinkled with hay 

bales form a pristine picture, but bales of hay are there 
for more than just adding to the scenery. These compacted 
structures of grain are also responsible for feeding the farmer's 
livestock. And to make sure their animals remain well fed, 
farmers need to use specialised equipment for collecting and 
packaging the harvest. Hay balers are the machines designed 
to fulfil this important task. They come in many forms but the 
majority of models are attached to the rear ofa tractor where 
they whirr along, munching through loose hay. 

Aseries of mechanisms work together to ensure the hay 
baler is efficient on the move. The loose hay begins its journey 
by being swept inside the metal housing, and is quickly moved 
into a compression chamber. This cycle happens continuously, 
and hay is constantly added and squashed until it forms a block 
or is rolled into a large cylinder. At the end ofthis cyclea dense 
bale emerges, which can then be handled and transported 
much more easily than a pile of loose hay. 


Making bales 


How these machines transform fields 


of hay into organised stacks Plunger 


Loose hay is compressed and 
packed into a compact shape. 


| — 


PETTY 


Pick-up 





Stacking 

A farmhand gathers hay bales 
from the baler and stacks 
them in a trailer attached to 
the rear. 
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Spinning teeth collect loose 
hay and draw it into the baler. 





Windrow 

Mown and dried grass is | 
gathered into long piles of 
loose hay called windrows. 









“a Auger 
—_ A large, rotating, helical rod 
—as moves hay horizontally into 
= the compression chamber. 












Bale chute 
Compact hay bales are 
pushed out of the baler and 
onto a chute for collection. 














Hitch 
This bar connects the baler to 
a tractor, which pulls it along. 





© Thinkstock; Illustration by The Art Agency 
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Anti-lock brake system 
computer 
The braking system also sends data to 


aa 
the EDR, recording whether the driver 
braked or if there was a malfunction. 


The black boxes that can help figure out | 
the cause ofa car crash 


hen you think ofa black box, you 

probably think ofthe devices 

recovered from air crash sites, used 
by investigators to determine what went 
wrong. However, it’s not just airplanes that 
have these clever computers on board. Most 
modern cars now come fitted with an event 
data recorder (EDR), more commonly known 
asa black box, which automatically activates 
in the event ofa crash. The data it records can 
then be used by law enforcement agencies, 
insurance companies and car manufacturers 
to work out ifthe driver was at fault, or ifthe 
car malfunctioned prior to the accident. 
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Side airbag sensors 
If the airbags are deployed, 
the sensors detect this and 
inform the EDR that a crash 
has occurred. 


Event data recorder 
This tiny microcomputer chip 
records data on speed, 
steering, seatbelt use and 
force of impact from the car’s 
onboard computers. 


Front airbag sensor 
Computers that control 
airbag deployment are 
connected to sensors that 
send data to the EDR. 





Discover how these tiny 
devices can help to 
determine what happened 
during an accident 






Retrieving the 
crash data 

The EDR data is 
analysed to determine 


Constant recording the driver’s actions and 


In an accident 


The EDR continuously records 
data, storing five seconds’ 


In the event of a crash, the EDR stores the 
data captured a few seconds before and 


the car’s performance 
leading up to the crash. 


worth at a time before the next 


five seconds overwrite it. after the airbags were deployed. 
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Simple hand gestures can be used to activate the Motorrad VISION NEXT 100's indicator lights while riding 








The future of 
motorcycles 





BMW has unveiled a high-tech bike concept that is 


impossible to topple over 


redicting a future where most vehicles will 

be driverless, BMW hopes to still provide 

bikers witha thrilling, hands-on ride. To 
celebrate its centenary year, the company has 
unveiled the Motorrad VISION NEXT 100 concept, a 
high-tech bike designed for the digitally connected 
world of the future. 

While it may look a bit like something from Tron, 

the motorcycle does in fact take inspiration froma 
classic, as the black triangle frame isa subtle 


The bike BMW thinks you'll be 
riding three decades from now 


With no bearings or joints, the entire frame adjusts with a 
turn of the handlebars, changing the direction of the bike. 


Designed to look like a traditional BMW boxer engine, the 
fully electric power unit extends outwards when the bike 
is in motion. 


As well as providing wind protection, the visor also 
features an information display, which can be controlled 
by the rider’s eye movements. 


The suit monitors the rider’s body temperature, adjusting 
the level of heat accordingly, and vibrates to give 
navigation instructions. 


The variable tread of the tyres automatically adjusts to 
grip onto any road surface, whatever the conditions. 


Under its matte-black fabric cover, the frame is made 
from carbon fibre, and so are the seat and wings. 
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reference to the R32, BMW's first ever motorcycle, 
released in 1923. However, this new upgrade has 
some rather more sophisticated features on board, 
including self-balancing technology. Ifthe bike is 
about to tip over it will automatically right itself, 
even when stationary, meaning the rider won't fall 
off and can dismount without the need to flick out 
astand. 

Thanks to this safety feature, BMW doesn’t 
foresee a need for riders to wear a helmet, instead 


If the rider looks down 
while wearing the 
visor, a map of their 
route will appear 


equipping them witha 
special visor that acts as a digital 

companion. If they look straight ahead, symbols 
suggesting their ideal banking angle and warning 
of any upcoming hazards will appear in their field 
of view, while if they look up, a rear-view function 
will activate, allowing them to see what’s going on 
behind. The accompanying suit is also designed to 
enhance the riding experience, witha neck 
section that inflates for support when accelerating. 








BJ\VAAYAa abstr] sve) redesigned three 


of its cars for the future 
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Animals have it tough, jolelmutsynats 
the laws of physics helps them to stay alive 


e have it easy. Get hungry and our local 

shop will provide us with anything 

from an apple to a frosted cheesecake. 
If we’re at home and thirsty we can walk several 
paces to atap and access clean, fresh water. If 
we're chilly, we can turn up the heating or put on 
another jumper. All the while, nothing - on the 
whole -is trying to eat us. 

Animals aren't so lucky - their world is far less 
(foyenvioyar-le)(cm me) anbeetclchvausl=yae-ven-y.qe)limeensies 
to survive. Mosquitoes in rainstorms, for 
example, play with Newton’s laws, sticking to and 
travelling with raindrops that hit them to cut 
down the force ofthe impact and survive the 
collision. Bees, meanwhile, detect the electric 
fields given off by flowers to check whether the 
flower has enough nectar in stock. That way the 
bee saves time and energy while foraging for this 
sugary liquid. And the California spiny lobster 
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uses the same friction technique as a violinist to 
make enough noise to scare away fish and other 
animals that want to eat it when it has moulted 
away its protective shell. 

Like the bees that sense electric fields, other 
animals can also detect things that we can't. 
Turtles use the Earth’s magnetic field to navigate, 
while ants, bees and many other species detect 
oxo) Eva tsrcrom bed elmey-incsvestopeendelcesqvareneyelcvele 
themselves. Many birds can see ultraviolet light, 
which has a frequency higher than our eyes can 
handle. These superhuman skills mean biologists 
must employ a physics kit to work out what these 
animals perceive. 

Along the way, scientific discoveries, like that of 
polarised light, have helped us to fathom what 
animals are up to. Animals have helped us with 
Tol (ayelapalenebtsreet(sve(aspeemmebeeten (0) mbelcir.belace 
learning about electric eels was crucial in our 


development of the battery. Even today, inthe 
field known as biomimicry, researchers copy 
animal designs to make tiny flying drones, 
‘shark-skin’ swimming suits and more. 


Meet the experts 


Matin Durrani and Liz Kalaugher are science 
journalists at IOP Publishing in Bristol, UK. Matin 
heads up Physics World magazine and Liz edits 
environmentalresearchweb. Their first popular 
science book, Furry Logic: The Physics of Animal 
Life, is out now with Bloomsbury Sigma. 





Matin Durrani. 


Liz Kalaugher 
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Mosquitoes can treble in body weight when they are sucking blood 


Hot or not? 


Temperature is crucial for animals; too 





warm or too cold and they could die 


If you've ever gone swimming in the sea ona cold, 
windy day, you'll know how awful it can feel to 
immerse your entire body into cold water. And 
when you come out, how horrible it is to dash 
back to the beach, water dripping off your body 
whilst the droplets that remain on your skin 
evaporate to chill you further. We humans need 
to be within strict temperature limits -evena 
couple of degrees either side of 37 degrees Celsius 
and we can overheat or suffer from hypothermia. 
Fortunately, we're ‘endotherms' and can generate 
our own heat by burning food and using our 
muscles to stay warm, though fluffy towels come 
in handy too. 

Some animals, such as reptiles, butterflies and 
moths, can cope with a wider span of 
temperatures, but these ‘ectotherms’ can’t 


Kleptothermy: the 
art of stealing heat 


Male red-sided garter snakes 
warm up after winter hibernation 
by snatching heat from rivals 
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Hot snake 
Red-sided garter snakes that 
have already warmed up are 


generate their own heat and have to liein the sun 
in order to get into their comfort zone. One snake 
is so desperate to get warm that it plays a rather 
cunning trick. Meet the red-sided garter snake, 
which lives in Manitoba in Canada, where winter 
temperatures fall to -40 degrees Celsius, forcing 
these animals to hunker down in underground 
hideouts for nine months of the year. 

Once the male snakes emerge in spring, they 
lie in giant, heaving huddles, thousands strong - 
like a plate of squirming spaghetti - waiting for 
females to come out. But the females don’t fancy 
being surrounded by gangs of amorous males 
and legit, as far as that’s possible for a snake. 
Spotting the mass of snakes, however, each new 
male emerging from its bunker covers itself in sex 
chemicals called pheromones that fool his rivals 


Cold snake 

A cold rival that’s just 
emerged from underground 
is barely 10 degrees Celsius. 


at about 25 degrees Celsius. 


wf! themselves dry by 
rotating back and 
forth about five 
_ times a second 


Japanese honeybees 
surround an attacking 
giant Japanese hornet in 
a buzzing ball that gets 
hot enough to kill it 


Side by side 

The cold snake fools other 
males into thinking he’s a 
female so they cuddle up. 








into thinking he’s a female. The snake gets 
jumped on by the other guys, who believe he’s a 
she -a ‘she-male’ in biologists’ lingo. 

The she-male isn’t after sex; the snake simply 
wants to warm up, pronto. Stealing heat is known 
as kleptothermy, with all male red-sided garter 
snakes going through a she-male phase. It makes 
sense, as being cold and lethargic means the 
snake’s a target for birds overhead that wanta 
tasty snack. If survival means theft, then so be it. 


“One snake Is so 
desperate to get 
warm that it plays a 
rather cunning trick” 


Common 
temperature 

The cold snake has now 
warmed up a lot, and 
the warm snake has 
cooled slightly. 


Let it flow 
Heat is transferred 
from the warmer 
snakes to their 
cooler rival. 


© JO HANSFORD PHOTOGRAPHY; WIKI/ Takahashi; Getty; Illustration byRebekka Hearl; Alamy; Shutterstock 









Wet dogs spin 
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A delicate balancing act 


Just 0.1 per cent of insects can walk on water 


- here’s how the pondskater does it 


Surface tension 
The surface of water is taut 
like a bouncy trampoline. 


One direction 
A water molecule near 
the surface has a net 
downwards force. 


The physics of fluids 


Upwards push 

The insect maximises the upward 
force from surface tension by laying 
the ends of its legs flat on the water. 










Same all over 
A water molecule well 
beneath the surface is pulled 
equally in all directions. 





How pondskaters walk on water and hefty bumblebees fly 


In science, liquids and gases are known as fluids: 


matter that can flow. The physics of how fluids 
behave can help to explain some seemingly 
miraculous feats performed by animals. 

Crouch near the surface ofa lake and you 
might -if you stare hard enough - see an insect 
walk on water. It’s a pondskater, of which there 
are more than 1,700 species. With a thin, brown 
or black body, these small animals have six 
slender, stick-like legs splayed out, three on 
either side. If you look really closely, you'll see 
the ends ofits legs lying flat and denting the 
surface of the water like a bowling ballona 
mattress. Some people even call these insects 
‘Jesus bugs’, but we don’t need miracles to 
explain why they don’t sink. 

Basic physics tells us that the insect can sit on 
the surface of water only if its weight (the 
downward pull of gravity) is less than the force 
from the liquid pushing it upwards. To avoid 
sinking, the pondskater needs to make that 
upward force as big as possible. As the ancient 
Greek scientist Archimedes pointed out, the 
upward force on an object immersed in water 
equals the weight of water displaced. But for 
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something on the surface ofa liquid — not 
submerged in it - different rules apply. 

That’s because the surface of a liquid is weird; 
it’s taut and bouncy like a trampoline. The 
upward force on an object ona liquid surface 
depends on that bounciness - or surface tension 
—and the object’s length. The pondskater can’t 
adjust the surface tension, but it helps that this is 
stronger for water than for any other naturally 
occurring liquid. The secret lies in the insect’s 
legs, the ends of which are typically about one 
centimetre long. They sit flat on the water, 
boosting the total upward force to well above the 
animal's weight. The result: no sinking. 

Most pondskaters have a generous safety 
margin, but the largest species (Gigantometra 
gigas) is near the limit. With a mass of roughly 
three grams, its legs are over 20 centimetres long 
in order to generate enough upward force to stay 
above the water. 

Out of the water, understanding the physics of 
fluids can also help to bust a popular myth: that 
bumblebees are too heavy and their wings too 
small for them to fly without defying the laws of 
aerodynamics. See ‘Bumblebee flight’ for more. 


Balancing act 

The pondskater won't sink if 
its weight is less than the 
upward force from the water. 


Hippos lead a double life, grazing 
on land at night but spending 
the day in rivers 





- - 


A cat drinks elegantly by drawing up a 
column of liquid with the tip of it’s tongue 
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Most mammals take roughly 21 seconds to urinate, despite their bladders varying enormously in size 


Unconventional flight 
Early last century, scientists 
argued whether bumblebee 
flight should be impossible. 
Conventional aerodynamics 
assumes wings don’t flap and 
have no ends. 





Boosting lift 
In a flap A study showed that bees 


Bumblebees flap 
their relatively 
short wings ata 
rate of 150 times 
per second. 


gain up to 70 per cent of 
their lift from spiral, 
leading-edge vortices. 


Spiral, leading-edge vortex 

Air is directed towards the tips of the 

wings, rather than flowing towards 
~~" ss theinsect’s rear end. 





The Namibian desert beetle 
drinks by letting water droplets 
condense and roll down its back 





Changing flow 
Diverting air sideways 
keeps the vortex - a 
swirling, low-pressure 
region that creates lift - 
above the wing for longer. 


© Thinkstock; SPL; WIKI/WillThomas/ Waugsberg 
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Sharp shooter 


The archerfish is a master 
spitter, firing jets of water at 
insects above the surface 


Animal vision is different to — thehuseeyesofaiantsquidcan | "4% 


° (o(=\usYoumdalsme) (eo) imicelanm®)(-lal.anelal . “9 
OLERES oars aerehay species detect disturbed by sperm whales pee ° 
more than we can see : 
AiVewalbbeat-betshesbolcicteKe)(oltbasbiceesba-veh ion ele)tcm Perceived position ele vi coaiel path 
: To the fish, refraction , 2 ight travels at a 
but there’s eee more to igh tha meets our fake me lncece appear in) sjsenerangieae tt 
eye. Many birds, along with some insects, in a different position Me ye passes from air to the 


reptiles and fish, can detect higher-frequency than it really is. i denser water. 
ultraviolet light. Meanwhile, other animals a 
distinguish between ‘unpolarised’ sunlight and 
sunlight that’s become ‘polarised’ after striking 
molecules in the atmosphere. Some desert ants 
exploit polarised light to navigate home after 
finding food on their travels, while bees use it to 
tell fellow hive mates which direction to fly in to 
True path 

jaeelag tle Light from an insect 

Like X-rays, microwaves or gamma rays, that reaches the 
visible light is an electromagnetic wave made up archerfish bends on its 
of electricand magnetic fields at right angles to eer te 
each other. The strength of the fields varies up 
and down with a frequency that gives the wave 
many ofits properties. Unpolarised lightislikea 
Jo) (arecMe) asin gb elem ol-) (om ol-1ani(crsy em antcen olcre)e) (ex. balel 
waggled, first from side to side, then at anangle 
to the horizontal, then at a different angle, 
changing direction a hundred million times a . ; 
second. Ifthe two people move the string, which Lia a es. tion 
represents the electric field of the wave, in one a the archerfish fires a jet of spit right 
direction only - say from side to side - the wave TH on target, dislodging the insect. 
is polarised. : 

Some animals see through water, where light _ 
acts differently than in air; it travels more slowly, 
and water molecules tend to absorb lower- 
frequency light - the reds and yellows - more 
idat-bamuelsw ented alcycoeacrepelsyelenme)aulcrebelemeaaclsyelcp 


Tricky wings 4 
Like many cuckoos, the Horsfield’s hawk-cuckoo 
lays its eggs in other species’ nests, leaving 


That’s why you might see your diving _—— si » ~ = = - unwitting foster parents to rear its young. As 
companion’s face turn pale green as ‘vo ll s soon as the imposter chick hatches, it disposes 
you head deeper. What's more, water Pay. pee Eyeing up of its nest-mates and eats everything its new 
; - 7 : its dinner (ore ] a=) ao ©) a1 ale Pam al=Mone [ol colo Mes nl (e1.@lal=\=\e (cm anle)a-mce\ele ma 

molecules and particles such as 3 An archerfish just than the chicks it displaced - it will grow up to 
plankton scatter the light so that, for - ™ below the surface of be much bigger - so it tricks its red-flanked 
bbalelavanvechnsye animals, trying ie) as the water spots a bluetail foster parents Talwe) ldayialsdiare) idalslaowel a 

; : : tasty insect on a leaf. two extra chicks by having vivid yellow patches 
see is often like peering .. on the underside of its wings. Each patch looks 
through fog. Go deeper still, IK uate Melee) atet=tavZ=) | Cem fe] oX-Me) rela Me) ey-\amiantellinat-ve 
and even the blues and greens are red-flanked bluetail chick, so the parents are 


fo[U] oy-vom|alnem o)adlate|ialemaate)a-mielelem oy-lel ake maal-mal-\-)m 
absorbed - so it’s pitch black inthe is : se 


ocean depths. 
OhalspasvectsbaceclolicrsbabeectaUelcnusler-baw@elarllen 

which lives near the surface of tropical rivers 

and lakes. It hunts insects that live in the air, and 





so has to deal with the bending - or refraction - Furry Logic: The Physics of Animal | 
; : ioe Life by Matin Durrani and Liz 
of light as it moves from air into water and slows. Kalaugher is out now with 
The archerfish is a master at compensating for Bloomsbury Sigma. Head to ; apie 
; ee ; www.furrylogicbook.com to find : A foster parent brings food to a Horsfield’s hawk- 
refraction, almost always spitting a jet of water cuckoo chick. Note its yellow wing patch on the left 


out more and read an extract. 





on target and knocking its prey into its reaches. 
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Archerfish can spot an insect ond fire gd jet in under a second, with a success rate of around go per cent 


Animal 
physics 
extra 


Animals exploit the 
physics of forces, 
sound, electricity 
and magnetism too 


Forces 


Komodo dragons, despite having a bite 
force about as strong as that of a pet 
cat, can kill animals the size of a water 
buffalo. To do this they use a ‘can- 
opener’ action with their sharp, 
serrated teeth while pulling backwards 
with their powerful body. Geckos, 
meanwhile, use tiny ‘van der Waals’ 
forces to hang on to the ceiling by 
having hairy, fleshy-folded feet that 
make a lot of contact with the surface. 


Sound 


Male peacocks attract female peahens 
by holding their beautiful feathers up 
high. But they also woo partners by 
rustling their feathers to emit 
‘infrasound’ that’s so low in frequency 
we can’t hear it. Elephants sense 
sound waves travelling through the 
ground to detect distress calls from 
distant herd members. They absorb 
the sound waves through fleshy pads 
in their feet, which may either feel the 
vibrations directly or send them via the 
animals’ front leg bones to their ears. 





Electricity and 
magnetism 


Electric eels, which use high-voltage 
electric pulses to navigate and find 
dinner, inspired early experiments on 
electricity back in the 18th century. 
The electric eel below, called Miguel 
Wattson, lives in the Tennessee 
Aquarium, and tweets every time its 
voltage discharge rises above a certain 
level (@EelectricMiguel). Loggerhead 
turtles from Florida use the Earth’s 
magnetic field to navigate a ten-year, 
14,500-kilometre trip around the 
Atlantic before heading back to the 
very beach where they hatched. 
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be 50 times 
the mass of a 
mosquito, but * 
these insects 
survive the 
impact by 
clinging to oS 
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Bite force 
Komodo dragons 
have a surprisingly 
weak bite force, but 
can still inflict fatal 
wounds thanks to 
their sharp teeth and 
vy strong neck muscles. 
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Electric organs : ; 
An electric eel has thousands of : | 4 | = } ; . 
tiny cells called electrocytes . : 
stacked together that, combined, 

produce shocks of up to 900 volts. 












Infrasound 
Elephants can 
recognise calls of 
individual members 
— of the herd from up to 
Tt 1.5 kilometres away. 


ka; Todd Stailey, Tennessee Aquarium; Thinkstock 
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“Elephants sense sound waves 
through the ground to detect distress 
calls from distant herd members- 
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A, 


Zs 
What Is sand made of? 


Discover the many minerals 
that determine the colour of 
our beaches and deserts 


hether it’s between your toes or 

sculpted into a magnificent castle, sand 

is made up of lots of different 
components. The most common are minerals 
from rocks, which are broken up bya process 
called weathering. Wind, rain and the freezing 
and thawing ofice all chip away fragments of the 
rock and shape them into fine grains ofsand. 
Therefore, the type of sand you find is often 
determined by the types of rock nearby. However, . : Fs ya 
ifyou're ona tropical beach then the sand is likely 
to also contain the shells and skeletons of sea 
creatures, which have been eroded by the waves 
and washed up on the shore. 








+ ~~ 
What might you find when you put the beach 4 OS . i, Sy 
under the microscope? > 
ad Quartz 





The most common 
component of sand is 
made of silicon dioxide. 
It’s a hard, light 
grey-coloured mineral, 
but can be stained yellow 
by iron impurities. 


Feldspar 
Feldspar is made of 
sodium, calcium or 
potassium combined 
with silica. Like quartz, it 
is eroded from igneous 
and metamorphic rocks 
in the Earth’s crust. 


Mica 
On a sunny day, flakes 
of sheet silicate 
minerals can catch the 
light to create a 
shimmering effect, 
making the sand appear 
to sparkle. 


Marine 
organisms 
The shells and 
skeletons left behind 
by dead molluscs and 
coral are made of 
calcium carbonate, 
which is often white 
but can also be pink, 
red or orange. 


Volcanic rock 
Some sand features 
the black-coloured 
volcanic rock basalt, 
which also contains 
glassy green grains of 
the mineral olivine. 


© Alamy; Science Photo Library 
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DID YOU KNOW? More people have been to the Moon than have explored the deepest depths of the oceans on Earth 
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What ts freezing rain? | _ 


Discover how these supercooled droplets are 
formed and why they can be so dangerous 


reezing rain usually begins as snow, ice, 

sleet or hail. When it passes through a layer 

of warmer air, it melts and turns back intoa 
liquid. However, ifthe rain travels througha 
shallow layer of cold air-with a temperature 
below freezing - as it continues to fall, this 
supercools the water droplets. When these 
droplets hit an object, such asa road, vehicle or 








If the layer of warm air 
extends to the ground, 
water droplets melt and 
fall as rain. 


tree, they freeze on impact, turning into ice. This 
can create dangerous driving conditions, and the 
weight of ice on power lines or trees can cause 
them to collapse. 

Thankfully, freezing rain is a rare occurrence in 
the UK, because conditions have to be so precise. 
The sub-freezing layer must be relatively shallow, 
at 600 metres above the surface. 


When the sub-freezing 
layer is very shallow, at 
approximately 600 
metres up, freezing rain 
will form. 


The water is supercooled, 
which means it is below 
O°C but still in liquid form. 
It doesn’t turn into ice 


until it comes into contact 


with something. 


A shallow layer of cold air 
means the thawed rain 
doesn’t have time to refreeze 
before reaching the surface. 









- An accumulation roy minsy-¥4lale| 
rain can add weight to trees 
and power lines, causing 
serious damage 


What’s the difference between rain, 
freezing rain, sleet and snow? 


fal 


When the entire 
layer of air is 
sub-zero, we get 
ice crystals, which 
fall as snow. 





If the layer of 
sub-freezing air is 
deep, water droplets 
freeze into pieces of 
ice that fall as sleet. 


atomaalasxewoidlelaatesss 
from the saffron 
crocus flower are 
'e) (oi.<=1e ir] ave mmal=ial 
(od (=lo mi Komori g=t-1K=) 
the saffron spice 





Angel Falls in Venezueld is a staggering 97g metres tall, making it the highest waterfall in the world 


Devil’s Kettle Falls 


As scientists continue to study this geological 





Will aryyone ever unearth the conundrum, will Devil’s Kettle Falls ever be understood? 
mysterysurrounding this [Sia aaa ener ETE a 
geological phenomenon? [a Thewesternfall | a0 5s ae ate : 
e As the river is split in half by 77 
few kilometres south of the US-Canadian -) thyolite rock, the western 
border flows the Brule River. Providinga  [%) eels taal noc faa OS 
picturesque setting for canoeing and = cas Sie ie.” =. Rhyolite rock 
fishing, its tranquil facade gives noclueastowhat (eo) me “ti ee ae ee sThe rhyolite rock is far too 
Hse eM ; + te. ee hard for the water to create a 


lies beneath: one of nature’s biggest mysteries. 

Meandering south through Minnesota’s Judge C 
R Magney State Park, the Brule River descends 244 
metres over 13 kilometres, forming multiple 
waterfalls as it flows towards the lake. Around 2.5 
kilometres upstream ofthe lake, an outcropping of 
volcanic rhyolite rock splits the river in half, 
resulting ina double waterfall. As the eastern half 
plummets into a pond below and continues its 
journey along the river as normal, the western half 
drops three metres downa giant pothole, before 
vanishing into the unknown. 

Marked logs and ping-pong balls have been 
thrown into the torrent, and dye poured into it too, 
but these things have never been recovered in the 
lake, discrediting any suggestion that an exit point 


cave or an underground river. 


>» Investigating 
exists. One theory proposes that the water must > the fall 
create a cave and an underground river, but the Scientists and visitors 
hard rhyolite rock would make this impossible. have thrown objects 

: . . : ; ; ; . into the fall over the 
Likewise, even if evidence ofa fault line existed, it | years to try and track 
would have to be enormous toallowsuchamassof | the flow, but none of 
water to endlessly flow through it. fem =the items have ever 
; ~= _—iobeen seen again. 
Another theory suggests that the water is meme: f 7 


flowing into lava tubes - caves formed when lava 
cools to become volcanic rock . However, rhyolite 
never forms lava tubes, and existing flood basalt 


The eastern fall 
A traditional waterfall 


came from fissures rather thana volcano. So re 7% : cascades into a pond below, 
although scientists have carried out experiments Pe ee, ee before continuing along the 
; a3. river towards Lake Superior. 
and geologists have investigated theories, a PSS aa Se 
sufficient geological explanationisyettobefound. [ea cssiiae J 
& 
Weird waterfalls Check out these other unusual waterfalls from around the world 


Fe 





Also known as the Sticky Waterfalls, you Rusty-red in colour, the saltwater of Blood Located in California’s Yosemite National When melting snow turns to water in the 
can actually climb up Thailand’s Bua Falls in Antarctica contains so much iron Park, this seasonal waterfall reflects the Lebanon village of Balaa, it falls 255 
Tong due to the limestone deposits and oxide that it takes the appearance of winter sunset and glows orange and red, metres down a spectacular pothole, past 
the lack of algae or slime on the rocks. ghastly flowing blood. making it appear to be on fire. three natural bridges. 
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| eet SU diie Aak | | ee ; 
How dov we make music, and what happens aan it hits our rears? 


Pld eay 
: 


LOLS Kop tswr- Beles beles(-selmoy-Pameymelenmenlinveccs 

and has a powerful influence over our 

minds. Songs can make people laugh, 
cry, dance, or cover their ears in disgust, and 
everyone has their own favourites. 

Sound is generated by vibrations. When the 
strings of an instrument vibrate, they push the 
air in front of them (compression) and the air 
behind them expands (rarefaction). These 
compressions and rarefactions create waves 
that move through the air. 

When the sound waves reach your ears, they 
push on the air in your ear canals and set your 
ear drums moving. These vibrations then 
trigger the movement of three tiny bones, 
which send the vibrations on to a fluid-filled 
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+d a 


Mime fh bribe ce 


structure called the cochlea. The motion of the 
fluid in this coil is used to generate electrical 
signals that travel to the brain. But this is justa 
tiny part of the story. 

WW aXcrstousy 00) 0) ComiAloyccleloyatsmerBemerchelsice- mele n(csen0| 
emotional response, and there are layers of 
complexity in the notes themselves, and in the 
way that our brains perceive them. 

The sound waves that reach your ears carrya 
aLbrexew-beelelopolmeymbedieyaeet-1ale)enm Melcmer-tsjlecne)i 
musical notes come down to volume, pitch and 
timbre (or tone); the bigger the vibrations are, 
the louder the sound is, and the more 
NccLOLOLVelMbameCcmrsloye-iaceyetswer.he)elcvemmaelsmaprcdelcve 
the pitch. And as for timbre, that is determined 
by the smoothness of the sound wave itself. 


me HBT TAL TR PIP PO 





Standard waves drawn in physics textbooks 
are very smooth, but sounds produced by the 
human voice or by instruments aren’t so even. 
Jima elem bund (-wbechel-veccresloyelsmaer-lm-lelombyonne 
produce the timbre, or tone, of the final notes. 
Then there is echo, reverberation, and 
resonance, and layer upon layer of instruments, 
voices and lyrics. 

Your brain then has to handle these incoming 
sounds, and it doesn’t just translate the notes 
into electricity. The processing of music links 
up with the parts of your brain that control 
pleasure, fear, movement, memory and 
emotion, and songs can trip unexpected 
circuits. We'll show you exactly what goes on in 
your brain when your favourite song is played. 
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Gorillas have been observed humming to themselves while they are eating 





Waveforms 


Volume 


The loudness of a sound is 

dictated by the amplitude, 

or height, of the wave. The 

bigger the vibration, the 

louder the sound. SOFT 





Pitch 


Pitch is determined by the 

frequency of the wave: 

how often it vibrates ina Se ee SS, Ea 
given time. Low frequency 

waves produce low notes, 

while high frequency 

waves produce high notes. LOW 











Timbre 


Timbre is the quality or 
tone of the sound; two 
instruments can produce 
the same note, but sound 
completely different. This 
property is determined by 
the sound wave’s shape. CLEAR 





We can change 
the shape of 
our vocal cords 
to produce 
different tones 
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Changes to the shape of a sound wave alter its properties 


HIGH 





MIXED 


Mouth 

The shape of the 
‘aateleldam-]alem exestha(e)a) 
of the tongue retune 
the resonance. 


Larynx 

FANT am oy-ksss ale mdalgelelelamuats 
larynx, or voice box, 

(or=] Uk{=soma Wal =Aoler~] ie) (e/oma Ke) 
Vi | 0) =] Ko¥m ©) cole Ulor| are more) ulalen 





Nasal cavity 
Some sounds also 
resonate inside 
the nose. 


Vocal tract 

The vocal cords are around 17 
centimetres from the mouth, 
and the tubing in between 
acts a bit like a flute. 





H¢ 
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Instruments Sonate 
These instruments make a sound when they are hit, and like their more 


f ; ; complex siblings, they do this through vibration. With a drum, the vibrations 
The different orchestra sections explained are made when the stretched skin is struck, and the sound is amplified by the 
shell. With a bell, the clapper strikes the metal, causing the bell and the air 
inside to vibrate, and with a xylophone, the sound is amplified by tubes 
Brass ae ee! 


beneath the bars. Varying the size, shape and materials of the instruments 
Brass players produce sound by buzzing their lips against a metal mouthpiece. can produce different notes and tones. 


The vibration that they produce determines the frequency ofthe note, and it 
can be altered by changing the shape ofthe mouth. The final sound is also 
influenced by the instruments, and they come in many different shapes and 
sizes, from asimple tube, all the way up to complex networks with holes, 
valves and slides. These change the path that the air takes through the pipes, a 
altering the pitch - the further the air travels, the lower the note. . | | | 







Bars 
ai at=m eye] ecmVilelecins 
when they are struck. 





a | 








Bell 


ai atswitelacvemciatelelowels 
the end helps to 


| =r radiate the sound. Resonators Ney rats 
VAKeyel aay e) (qrex=) ee Tubes beneath The longer the 
The larger the co oie the bars amplify bar, the lower 
raatelU ian) e)(<er-Mm dala | ’ the sound. the note. 


lower the sound. 
Slides and valves force 


the air to take different 
Mcolejncscomr-]inclalalemaarce e)ikeian 


rin cI 

eis finger 2 Woodwind 

Soreerie ee Strings Wind instruments work by creating a column ofair that can be 

nate RiGher ) The strings ofa violin, guitar or piano lengthened or shortened by covering and uncovering holes in the tube; 
produce different notes depending on the longer the column, the more time it takes for vibrations to travel 

their length and thickness. The longer through, and the lower the pitch. There are two main families: flutes and 

and thicker the string, the lower the reed instruments. Flutes work in the same way as blowing over the top of 

a bottle - using a jet ofair to make the air inside the instrument vibrate. 

Reeds are flexible, and when the musician blows, they vibrate and change 


the flow ofair through the instrument. 


Pegs 

The pegs 
“ehicukiam sound. Thesoundalso varies depending 
on the way that the strings are played.A 


Sung = plucked string is tugged against its 


fol at-laleliale] 





Up an octave 


iets anchor points, which producesa sharp By adjusting their lip position and 
kink; as it vibrates back and forth, this | blowing harder, players can make 
bend lessens. andthe quality of the ggg_=—stthe air travel faster, producing the 
¢ ¥o] aaom alo lKoW-lameloit=\ Vom allelalsle 
sound becomes almost instantly a 
latsmaelatsiecam smoother. Asa bow passes along astring a 
Tuning can be itis continuously vibrated, producing 
isel 2 : 
. direc long, sustained notes. And with the Tenlefejtteyalllase ale) 
‘Bacicoalintehears hammers ofa piano, the strings are The jet of air is disturbed by Changing notes 


Pressing the keys down effectively makes 


1a ou ale)(=Mmela=t-1Ul ale mal e)e-lale) ars) 
Tameatcmlatciaaelaavciaim 


Salem = struck and then dampened, ending the 
at a time. : ‘ : 
vibrations to create a crisp sound. 


1ua{oma0) ol=m (e)are(=) em (e) Vlei alemualcwe)ixeian 
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DID YOU KNOW? Trombones are the loudest instruments in an orchestra, reaching 115 decibels — that’s louder than a motorbike! 







Concert hall acoustics 


These specialised venues are engineered 
1kom=la)i(2)(e)emanl=w-lecel(=)alex=mamenlerci(es 


Dome 


Domed ceilings can cause problems with echoes 
because they are so far above the audience. 





“Music can be 
tweaked and 
perfected 
before it hits 
your ears” 






Anti-echo 
panels 

Panels in the ceiling 
help to deflect the 
sound away from 
the dome. 


Acoustic panels 
Specially designed 
structures equalise 
the sound, and 
bounce selected 
frequencies inwards. 


Concert 





hall acoustics 










Absorption 
The seats and the 
audience themselves 
absorb sound, so the 





room must be designed 
to compensate for this. 


Playing the right notes is only part of the battle 


Concert halls have a big job to do. They need to 
Hbeabeslsvactemmetcesteloblsyalecwbemaelcucreleneloneyauel=wlolote(crcis 
(o) Ko) cel alersimeckoauvsieelelelmerlelsbereacvelelelacpr-belemm alsa’ 
need to amplify the most delicate of soloists so 
idatcim olcre)e)(ceclmaelcmeyclelqe-beel=-bae (sr-DeN Au Melvacr-bas 
three factors to consider to make sure the 
audience enjoys the experience: volume, 
equalisation and reverberation. 

Volume is dictated by the direct sound of the 
orchestra, but it is also influenced by reflections 
from the walls and ceiling. For concert halls, it’s 
shaaheleyar-bolmelelmroper-\vcneelopeoleleemacvil-vancronse)buelen 
Your ears expect sound to come from the 
orchestra, not from the walls behind you. 

Equalisation ensures that all frequencies can 
be heard; different rooms amplify some 
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frequencies more than others. The goal is to 

Joy UE Dalercn sd oleesre ou alousreysatcanialcvacweemmercmend(olol(cm-belel 
to dampen the highest notes a little to avoid any 
screeching from the strings. 

Reverberation is the result of sound bouncing 
around inside the hall. Surfaces don’t reflect all 
sounds equally, so this can cause some distortion 
if it’s not corrected. 

Concert halls balance all of these factors by 
using different shapes and materials to balance 
idalexcrolunelou-valemopbasremim-lmselcr-lOCel(=se(acme a t-lemet-bae! 
surfaces bounce the sound, soft surfaces absorb 


it, and rough surfaces scatter the incoming waves. 


By lining the walls and ceiling with specially 
designed panels, the music can be tweaked and 
perfected before it hits your ears. 


The panels on 
the walls and 
ceilings of 

(ore) avexs1a mm ate) IS 

are crucial 





Shoebox 


This traditional concert hall 
shape has narrow walls, 

helping to reflect the sound 
back towards the audience. 





—— 


Improving 
acoustics 


The ceiling of the Royal Albert Hall in London 
mere) clave mYNiidamel-larelliavemanlelsialqece)aalcem ole) an i mss 
not infested with damp. The strange 
structures are there to improve the acoustics. 
They were installed following tests conducted 
Tam tats bolo\@s-emr-|aveminale)ge)vem-lel-]/aminm4e.e) mmr-lare| 
today there are 85 of these fibreglass fungi. 
The Royal Albert Hall is huge, and the ceiling is 
(ofoyaat=le MmKOMN VLU glelOlmnal-Manleic)algele)anicmuntcia= 
MiVcel0] (om ol=Wr- Mu (e)alepme(=) [chico m=1o1 ale e)|(@)/V//aleM=\\,21 07 
note the orchestra played. Even with the 

fanle lial qexe)aalseur- lm alele (=e) ges alin e-M cm aclel0]/aclemxomall| 
the enormous hall with sound. 





The Royal Albert Hall uses acoustic mushrooms to 
reduce the echoes caused by its domed ceiling 
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Processing music Planum temporale 
Different areas of your brain come This area deciphers complex 
together to handle rhythm, melody, sounds, picking out rhythm, 
lyrics and emotion 1d jane) ccm] aren ey- 1a k=) gaice 





Music has a : yf ara] a (21 ts] Mle) el= 
powerful influence 4 . This region links 
on the brain = Tatexe)aaliaremsxelelare| 
j + , information with the 
other senses, such 
as vision. 


PANU (elie) aVmexe) a (=)4 

This part of the brain receives 
the sound input from the ears, 
and works out the pitch. 


Frontal lobe 

ai arwigealme)muat=me)e-lin 
foreXo) ae late] nascmelel es 
Tealeule)arelmelare 
behavioural response 
Kom datswaaleici(en 


Your brain | 
on music 


What happens inside your 
head when you are listening 
to your favourite tunes? 












laa \vie lore] t-W-lalemeluatcia 





uss Miaalel(omeligellie 
fines iH avem all ©) exexer-) aa) ele 1s 
a | 
Fy central structures 
QE LZ deal with memory 
\\ BP lenient] 


responses to music. 






Brains are complex, as is music, so teasing out the 
neurological response to melodies is something of 


a challenge, but researchers across the world eis 
have been working to demystify the baffling This is part of the 
science behind it. oxa1as10) ¢-] Kexela te) enr-lave WS 


Tanvce) AVexe mm lam asvexele lal ciiare) 


The first components of music to be processed Carer ree 


by the brain are the basic sounds - pitch, length 
and volume. From this, the brain then teases out 





melody, and distinguishes between different Superior 

; hisinf sar temporal gyrus 
instruments. This information is then compared This region specialises 
to memories, establishing whether the incoming Tabsiealale line Rselelare 
sound is familiar, and revealing any linked information together, 


keeping track of lyrics 
Tale Mant=l(elenyA 


emotions. All together, the processing leads toa 
response, whether that’s switching the song off, 





or starting to dance. And ifyou move, that feeds The music entering your ears 
back into your brain again, affecting the aS 
experience even further. results in difficulty speaking. It can happen asa 

Some of the complexities of the brain’s result ofa brain injury, like astroke, and makes it 


response to music can be revealed bypeoplewith challenging for people to find the words that they 
damage or injury to their brains. By seeing what need to express themselves, but strangely it 
happens to the ability to process musicafter the doesn’t always interfere with their ability to sing. 
brain is injured ina certain place, and by Similarly, people with astammer may struggle 
observing how that improves as the brain heals, with speech but can sometimes sing a song 
scientists can start to piece together which parts without hesitation. 
of the brain are involved. This is aided by Around one in 20 people is tone deaf, or 
advanced imaging technology, suchasfunctional ‘amusical’, and has trouble identifying the notes 
MRI scanners, which can monitor the activity in ina tune. Brain scans have revealed that the 
different parts of the brain in response to music. white matter in the area involved in processing 
One major revelation from this kind of work is sound is thinner in these individuals, indicating 
that music is separate from language. Aphasia is that it could be less well connected than the same 
the medical term for a neurological disorder that pathways in their musical counterparts. 
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DID YOU KNOW? The earliest music recording dates back to 1860; It was made by drawing on paper covered in soot 





| Why does music 
give you ‘chills’? 


(CTeXore Mo) ale lomor- lam aat-],c-m\cele) am all ecwie-] ale melam-lalep 
and this is thought to be triggered by the way 
that our brains are wired. Music taps into the 
parts of the brain involved with emotion and 
Re\iee Re Pare] ATOM foiRclallavemnomer-lan-|/amaelat-somer-lamiielale 
up the same areas tickled by food, and even 
drugs. At the same time, music seems to 
decrease the activity in the areas of the brain 
involved in fear. Getting goose bumps is linked 
Ko l=] ce) Uis¥-] Ro) mnYLe)e] ar- 16) Ke) ale) pal (om al=lavelescmoh c102)00F 
Val Coin moxe)patcsom ar-lalebolataar-jacemiviiqam-laMlaveigst-ss\om la 
heart rate and deeper breathing. Researchers 


Why do we tap 
our feet to music? 


Wi at=m0lae(=mnom t-] M{e)0] a cele) ma] (0) ale mune m-M-1i ge) ale] 
beat is often irresistible. It was previously 
believed that our movements in response to 
music reflect how we perceive that it was 

(ol sto] kcX6 Meamr= Im =] 0) ©) ale m cele) ml [anlim-lactom-Melaelanlaal=laes 
pedal, for instance - or our mood upon hearing 
the music. However, more recent research 
suggests that tapping your foot may influence 
the way you perceive the music, helping your 


brain to process what you are hearing. 
sare 





What makes 
songs so catchy? 


Researchers have an interesting way to 

(o (=\-Xord | ofom ual iow e)ale)ave)antsl ale) pMeam ta (o\Vacve) patcid i aaless) 
refer to it as a ‘brain itch’ or an ‘earworm’. 
Some songs seem to get stuck in people’s 
n\exeleowanle)a-Me)aeclaMaalt-lamelda(-leoym oll mualsiao[s) 
lave) aren ale) (=mce)ganleltcmuar-lue(s1>)aaallarsts 
catchiness. Researchers working in the field 
have noticed that catchy songs tend to have 
short, repetitive sections, and they also often 
have some connection to the listener. A 
similarity to a song that you already know, or 
a cultural connection - such as lyrics that you 













can relate to - both help to get a tune stuck in 
your head. Ultimately 

though, a song 
that is catchy 


Kote) diate minal kem=>.¢-le1d VA ar-lmnalele(clecmanlicmaalial q@idarels 
im anllelalemateh’comcve) palcidallavemnemele) 
with surprise; 
Pea, unexpected shifts in 





te A Ae the music are to one 
e's Wey *) particularly good person 
Po Sa a AAA ™\ at setting off faaltelaimareys 
eevee. See eee = this response. | be for 
COL a ty! | another. 


wat 
iy | | yriny perpen 


Wiis oh 
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er | N “Around one in every 20 
Why does your : people is tone deaf” 
singing sound better 
in the shower? 


This is down to acoustics. If you sing in a big room with 
plastered walls, the sound travels a long way before it 
reaches an obstacle, and a lot of the vibration is absorbed. 
Tale oy-14 al qele)aammdal=m cele)aamicm-jaal-]|(-)em-lalemualsmul(=some) ate] fobs) 
reflect the sound back at you in all directions. This creates 
reverberation. The result is that 

i atsmcvel0) ale mcm (elUle(-lem-lale 
iuatsmaalelid|e)(cmasvalcverd(e)ats 
help to even out any 
tiny mistakes in 
WielU] anYce)(ex> Ham Mal 
size of the 
shower cubicle 
also has a part 
to play - lower 
frequencies 


What are 
the origins 
of music? 


People have been making music for 
ranlil(ctalaltePare|avemaat=me) (elt) mm dare)vizal 
instruments date back 42,000 years. They 
are bone and ivory flutes, discovered ina 
(or- Wem [AM CI=lanatelalvarelKe)alessi(elomela ats ancy] anys 
alelant<lalee]aurs|a(eme)gat-laa\-lalecem m(e)ic-\\,-) em me 
generally believed that music was around 
a long time before the first instruments, 
rehome of=1o) 0) (= MU ho{=1e Ma a=) | @nvZe) (X=soM ROM pala] .(= 
melodies. Being able to produce music 
(oxolU] (eM ar-hVcom ale)| eLsxemViVii da mcvecelt-]melelaleliate mela 





tend to be yo idea that is sometimes described as ‘vocal 
lanl eliiacsve manlela> fe] cexe)anl ine Mam Mal=ssiem @laleime)meelinel es] 
ldarelamal(elatcva lee] aleskomre] a= mdalelele| si mkem ath VomelhViclamelele 


NVI UTSYCom ate Kom 8) 
ike) an dale) <t-] ale \ome) MV{ct-] 6S 


cs} oX=Yor [=k re] a =10(e[=e)'{=1 ele] amalllaatelata ll .c= 
cousins, including Neanderthals. 


ones, making the 
voice sound richer. 
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Sinuses 
explained 


Explore the twisted 














network of cavities that There are four pairs of sinuses 
: ; around your nose, eyes and forehead 
lies behind your skull 
here are eight sinuses in total — a Maxillary sinuses 
~ four on each side of your head ie =—«oThe chine of fares 
; are pyramid-shaped and si 
—and they sit around your eyes, ahine KGieel ance: 
nose and forehead. They are lined with = 
specialised cells that form a mucous 
membrane, a damp layer ofskin that 
produces sticky mucus to capture small Frontal sinuses 
: : fare : These sinuses sit in the 
particles that might be lurking in the air 5 forehead, above the eyes, 
that you breathe. i and vary in shape from 
The primary function of the sinuses is Persone person: 
not known for sure, but they seem to "= 
have a few important roles: they warm 
and moisten air before it hits the lungs; 
they change the tone of your voice; and 
they make your skulla little lighter by 
taking up space that would otherwise 
be filled with bone. 
When you become unwell, witha cold 
or the flu, your sinuses increase their 
mucus production. They can also 
become infected, causing the 
membranes to swell up. This leads toa Sphenoid sinuses 
blockage, known as sinusitis. The Ethmoid sinuses Thace- are loeated behind 
blockage is the reason for the feeling of These are found either the eyes. They continue 
pressure in your face when youaren’t side of the nose, and grow growing larger throughout 
ianditiealearn fth to approximately the size childhood, reaching 
well, and itis also the cause or the of a walnut. maximum size at puberty. 


distinctive change in your voice. 
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The science of Christmas dinner 


Learn the physics and chemistry that will help you cook the perfect festive feast 


or most Brits, Christmas dinner would not 

oYeRereyas}e)Ccuccmnvsiaelolvum-me)iobesler-belompenlenys 

roast turkey to enjoy alongside the crispy 
potatoes and Brussels sprouts. However, 
preparing the perfect bird can bea challenge, as 
it’s easy to misjudge cooking times and the 
temperature of your oven. Undercook the turkey 
and you risk giving everyone the unwelcome gift 


How to roast 
a turkey 


What goes on inside your oven to 
create wonderfully moist meat? 


Thermal radiation 

Some heat transfers from the oven 
walls to the meat via 
electromagnetic waves, which can 
lead to some uneven browning. 


Conduction cooking 
As particles at the surface 
of the meat heat up, they 
vibrate and collide with 
others, passing heat energy 
towards the middle. 


Keep it moist 
Leaving the meat to 
rest after cooking 
allows the juices to cool 
and thicken, preventing 
them from leaking out 
when carving. 


Christmas 
cooking 
science tips 
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Brine the turkey 

Before roasting, soak the turkey in 
salty water for at least 12 hours. The salt 
will change the protein structure within 
the turkey’s muscle fibres, helping it to 
ceite}lamane)aemanlelciaelaomivallomecele) dlalep 


of food poisoning, yet overcook it and your guests 
will be left with a plate of dry meat. 

Thankfully, understanding the science going 
on inside your oven can help you get it right. The 
physics of heat transfer and the chemistry of 
sUSAYCOLON mo laav(c) Ceeyentcyolmolelseme)tcnracsembeslelear-belmae) (a 
in cooking the perfect roast turkey, but resting 
and drying the meat are vital too. 













Let it dry 

Convection dries out 

the humid air just above ha 
the food, causing the } 
surface of the meat to 

dry too. 


Crispy skin 

When the surface of the 
meat dries out, it heats 
to higher temperatures, 
creating a crispy skin. 


Turkey essence 

As water boils away from the surface, 
juices travel up from below, causing the 
chemical reactions that create the food’s 
colour, taste and aroma. 


Circulate the air 

VAVdatelamexele) dale mm e)t-(exsMualomael a Co\\z 
on a rack that sits inside the roasting 
tray. This will allow air to circulate 
Wiel a) hare] Reel ae ma atem e)i comme] Via lem |mr| 
crispy brown skin. 


Start upside down 

The turkey breast should be cooked at 
a lower temperature than the rest of the 
bird, so place it upside down in the oven 
for the first hour to shield it from the 
hotter temperatures at the top. 
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DID YOU KNOW? The average Brit consumes more than 6,000 calories on Christmas day, equivalent to eating 25 chocolate bars 






















Humidity Turkey traditions 


Water just beneath the surface 


of the meat begins to boil, , No one in Britain had even seen a turkey, let 
creating steam to increase the alone eaten one, until the mid-15th century 
humidity of the oven. 3 when they were first brought over from the 

. Ottoman Empire, now known as Turkey. King 
Henry VIII was the first monarch to demand the 
bird for his Christmas feast, but goose, boar’s 
aisle Me) am ©) al=t-Kst-] alan (=) acm ue-leliele)at-]M@lalacinnatels 
feasts at the time. It wasn’t until the 1950s, 
when turkey was more widely available, that it 
became a tradition. It was seen as a practical 
Vee WVae) Mm ke\ele [ale m-Mt-]ae(omir-lanli Nero] acemantct-lalemuarcle 
livestock such as cows and chickens could be 
Uistere in xe) au dalsli am pall l.@relalem=xelelow | alcinst-[em 





Check the temperature of the turkey before you serve 
it to make sure it is cooked through 


Convection cooking 

Heat energy transferred from Added flavour 

the air inside the oven heats Meattronathe bones 
HS OULSIge ot Meroe: also generates chemical 


reactions in the 
surrounding meat, 
giving it more flavour. 





UFomelaidi maarsManleeya@lnamer-)aln0lavam@lalaiciuaat-somellalal=la 
was more likely to involve pheasant or goose 


Leave the bones in 
The bones quickly reach the 
hottest temperature of any 
part of the bird and conduct 
heat into the meat, helping 
to cook the turkey’s insides. 





eae | 
i 
= 
Soggy vegetables 
The juices at the bottom of 
the roasting tray will only 
reach the boiling point of 
water - not hot enough to 
produce crispy potatoes. 
Check the temperature Cook stuffing separately 


Vi VatelaMvcelemualial q@iaaromaela .co\vacmele)alcy Stuffing must be heated to 74 TT d d : A 5 
use a meat thermometer to check that the | degrees Celsius due to its egg content, Un erstan Ig t C SCIe!n Ce 
white meat in the breast is at 71 degrees but at that temperature you risk ; 5 ; d 
(Ore) K-J[Ulowr-] ale mtaleMel-)a q@aalct-]mlamaaiom (slo lcm] ale| overcooking the turkey. Therefore, it’s aah OF) ah) C YOur OVET) Corn) 
thighs is at 74 degrees Celsius. oX=s>] KO exele) qi] me) Uiucy(e (=e) muaiome)| con | S ; h 
elp you get It rignt 
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Subscribe to our channel to 
see your Curious questions 
answered on camera 
youtube.com/howitworksmag 





Skin senses 


How does your skin pick 
up signals from the 
outside world? 


he skin uses different detectors (called 
sensory receptors) to tell the difference 
between pressure and pain, hotand cold, 


Hard touch 





Meissner 
corpuscles 


These sit in the bumps and 


ridges beneath the top 
layer of skin on the hands 
and the soles of the feet. 
They are sensitive to 
pressure and vibrations, 
which is useful for 
detecting texture. 


anda light brush versus a hard poke. These 
receptors are specially adapted nerve endings, 
and many are wrapped in layers of tissue, helping 
them to function in various ways. They are located 


Under the skin 


Different receptors take responsibility for 
detecting different aspects of touch 


Vibration 


Pacinian 
corpuscles 
These are the largest of 
the sensory detectors in 
the skin. They sit deep 
below the surface, and 
are equipped to 
respond to fast 
vibration, deep pressure 
and tickles. 





in different numbers across your body, with more 
in your hands, feet and lips than anywhere else. 
Some respond quickly before stopping, allowing 
you to grow accustomed to sensations that don’t 
need constant monitoring, like the feeling of your 
clothes against your skin. Others are slow to stop 
signalling, so you remain aware ofthe sensation. 


Light pressure 


Merkel’s 
discs 
There are lots of these in 
the fingertips and lips, 
and they are good at 
sensing light pressure. 
They are particularly 
important for working 
out the shape and 
texture of objects. 


Temperature 





Free nerve 
endings 
Lots of the nerve endings 
under the skin aren’t 
buried inside specific 
structures. These ‘free’ 
endings mainly detect 
pain, but some pick up on 
sensations such as 
pressure or temperature. 
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DID YOU KNOW? Incorrectly removing g hazmat suit can prove fatal for the wearer, due to contaminants that linger on the suit 








The clever pieces of kit 
that protect us from 
IVanvatsile) (exe tbatexel és 


or every weapon forged there is a piece of 

armour made to defend against it. For 

swords it was chainmail, for bullets it was 
Kevlar, and for chemical agents it’s the hazmat 
suit. Short for hazardous materials suit, this 
piece of kit is built to defend us both on and off 
the battlefield by shielding us from harmful 
liquids and gases. 

AW oF- bea ols) wp ce)enelcroneyme)t-toiulemmt-lo)aler-belemavlelelve 
along with an independent source of oxygen, 
hazmat suits protect workers by separating 
them from their hazardous environment. 
Simpler suits can be slipped on to protect 
against harmful liquids, but more advanced 
suits can become completely airtight to defend 
against airborne contaminants and toxic 
chemicals. This versatility has meant that 
hazmat suits can be used by the military, in 
industry and by healthcare workers. 

Workers operating in waste disposal make 
daily use of hazmat suits, and they’re used by 
staffin nuclear power stations to ensure they 
don’t carry any radioactive contaminants home 
at the end of the day. Recently, nurses and carers 
treating patients infected with the Ebola virusin 
West Africa wore hazmat suits to 
protect themselves against 
airborne infection. 

These examplesarejusta | 
few of the many ways hazmat 
suits can keep us safe by 
protecting our skin, eyes 
and respiratory system. 


A A"Lo) a <=) esoxo) | (=Xoa dl ale mm a=YonYcot-]e)(emaat-1e-)ar-] 
from landfills need to protect themselves 


Levels of protection 


Hazmat suits 


<~>*™* Biohazard 


protection 


% 


——- 
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Ty A hazmat suit can include 
: several specialised parts 

Respirator to protect against 

Full or half face biological agents 

respirators protect 

against airborne mould, 

asbestos and pesticides. ) 7 | 

For chemical protection, \ 

self-contained breathing ‘ | “ 

apparatus must be used. : a | = ‘ 


Facial protection 
Goggles, face shields, medical 
masks and surgical caps can 
all be used to keep hazards 
away from the head and face. 


Overalls 

These are made out of 
materials such as PVC, 
which biological agents 
are unable to penetrate. 


Gloves 
Nitrile or latex 
gloves are 
suitable for 
handling 
pathogens and 
are disposed of 
after use. 


Apron 

This catches the majority of 
solid and liquid contaminants 
and can be easily removed. 


Rubber boots 
Hazardous liquids, oils, 
chemicals and 
contaminated water are 
unable to seep through 
the protective footwear. 


Type A suits fully enclose 
the wearer and their 


The term ‘hazmat suit’ covers a wide 
iJ oYo1 aU] name) im ©) ce)k-\ouh-mer(oldallalemmAvanvauallare] 
for] of-] 8) (=o) mm 0) (olor. /ale mm at-¥4-] cele lelomaal-leclat-] is 
may be labelled as a hazmat suit, but a 
brewer working with a liquid disinfectant 
would be dressed quite differently to a 
scientist handling toxic gases. So to ensure 
iu a\sWr=] 0) 0) ge) 0) ar-1ko-] ane) laimeyim o)qzcer-l 01a (eam is) 
taken, hazmat suits are arranged into four 
different types. 

Type A suits are fully concealed from the 
outside and are equipped with a self- 
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(oxo) alir-]ialclem e)azy-laaliale pr] ©) ey-]¢-100 soem = \Var-] 8) 0 > 
(o(=¥x=vale lave mele fell aksiem e)(e) (ele| (or-] mo] ale mes als) pal (ere) 
hazards, they are the go-to choice when 
working in dangerous atmospheres. Type B 
JU) luce] com alelmr-]/aule| sim olUlmacit-lipme)a-r-luallare, 
reXo10]| ©) aal=\al@mcyemor- |e ol-MUlsslomNYiaislamar-lareliiare 
gases that aren’t harmful to the skin. Type C 
suits are used when working with general 
biohazards, and include a respirator. Finally, 
Type D suits would be worn by our brewer, 
re] ale moxolUi(e 11a) ©) hall alel [Ole =m- m0) ge) K=\oau a=] 0) ce) am 
boots, glasses and long gloves. 











How It Works | 049 


breathing apparatus | 
, oa : - _—_ wa 





(OMA OCG bas) arblans) ecinolel ond Mabbadcec) rele 


8 
peas 
<X@ 
ee 
Lone 


os] 


Life in 
the lab 


Discover the experiment 
that set out to simulate the 
origins of life 





fter aseries of experiments in the 1860s, 
Louis Pasteur described the law of 
biogenesis, which explains that all 
lifeforms come from other lifeforms. Not long 
before that, Charles Darwin had published his 
theory of evolution, explaining how complex life 
evolved from simple organisms over millions of 
years. Both theories answered a lot of questions, 
but one piece of the puzzle was still missing - how 
exactly had life started in the first place? 

Ananswer was suggested in 1924 by Russian 
biochemist Alexander Oparin, who described the 
early oceans of Earth asa ‘primordial soup’. He 
believed that the seas had been full of complex 
molecules. These included the building blocks of 
life such as amino acids and other organic 
compounds, which would later react and 
combine with other molecules to form the first 
cells. Scientists knew that these building blocks 
could be made inside living things, but Oparin 
believed that at first, they had been formed solely 
by chemical reactions. 

In 1952, American chemists Stanley Miller and 





Energy 

The influence of sunlight, 
geothermal heat and 
lightning was emulated 
by introducing small 
electrical currents into 
the reaction chamber. 


Circulation 
The water cu Was 
designed to imitate “ — ~~ 


fa 
the evaporation of 
water from the 
oceans to the clouds | 
and the rainfall that 
returned it. 


Atmospheric gases 
Methane, hydrogen and 
ammonia were all thought to 
be present in the early 
atmosphere. These gases 
were added to interact with 
the water vapour. 





How to make 
primordial soup 


Miller and Urey modelled the 
conditions of an early Earth to 
create complex molecules - 
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Precipitation 

A condenser was used to 
convert the water vapour 
(and any dissolved 
soluble molecules) into 
droplets in order to 
simulate rainfall. 





Harold Urey set out to show how these building 
blocks had found their way into the soupy seas. 
They set up alab experiment that replicated the 
conditions of the oceans found on early Earth; 
using water, gases and electricity inside a 
network of flasks and tubes, the two scientists 
built a circuit that emulated the atmospheric 
composition, the water cycle and frequent 
lightning strikes. After a week of running this 
experiment the pair made an amazing discovery; 
the simple molecules had reacted to form many 
complex molecules, including amino acids, all by 
chemistry alone. 








Evaporation 
The water was 
gently boiled to 
mimic the 
dispersion of water 
molecules that 
occurs on the 
ocean’s surface. 


Ocean 
Water pooled at the 
bottom of the network 
acted as the ocean, where 
life on Earth was believed 
to have begun. 


Organic molecules 
After running the experiment 
for several days, samples 
taken from the ‘ocean’ were 
analysed and found to 
contain amino acids. 


Inconclusive results 


Since Miller and Urey conducted their ground-breaking experiment, we have a better 

Ul ale (sl ecjr-]ale|laleme)maal=mere)aleliule) acme) m=r-| a \Va =t-] ada m@A\al-]\VAc) ome) mre] aler(=l al ml color com at-somac\V(2t-] (“10 male] s 
atmospheric conditions were different to those modelled in the experiment. There, air was 
richer in carbon dioxide and nitrogen, with only trace amounts of other gases. Repeating the 
experiments with this more realistic mixture is unlikely to produce amino acids. 


aMarsmexoyarelid(eyp owe 1i-lah-t-16)\) 
Earth are now thought to be 
rather different to ie ai 
Urey’s initial predictions 
—. 


eo 
al ~* 
— f 


‘Oh dat=lancvol[=)a ld [>] som at-)V,Mer-ho) me (0l0)| olme)amuat-Mil co) //alelelemuat-imr-laal|avemalel(eksmuvelel (emel|azvo1ahva(=t-[emne) 
1a atom ol U/I(e |] elem 0) (olor eome) mm llk=em \ 0 (1 (=) | om- (oi (e\omuar-) mm ce) gan madh/-W-]aleMmD)\). Mm gale)(-Loi8] (som a al-] mer-] a maate].<= 
copies of themselves, are much more difficult to create. Scientists estimate that the 
production of these kinds of molecules would require a lot of energy and catalysts, 
molecules that speed up reactions. Hydrothermal vents on the sea floor are now considered 
to be a more likely location for the origins of life. The chemicals and heat found at these 
deep-sea chimneys could potentially provide the necessary conditions for life to emerge. 
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The universe is considered to be a ‘clased system, so the gmount of energy in it has always been the same 
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The law itn action 


Conservation of energy can be demonstrated by the swing of a pendulum 





Tete conservation of energy is one of 
the most important concepts in f 












physics. It states that in a system, ? Minimum Maximum 

the total amount of energy remains § kinetic energy potential energy 
constant. Energy can be transformed } At the top of the swing, At the top of the 
panoleeMevatcinorweetrol-helelialcimmbaneyee) - the ball stops moving swing, the ball is 

(ol alse (or Nano Mnal—rseet-1 Mio rum—o.<-healelln ; before it changes furthest from the 

but it cannot be created or destroyed. 4% direction. It briefly has ground, and has the 

BM etKBovutereio)(—Melleir-1K—-meelblel sme meleny A no kinetic energy. most gravitational 


understanding of the world around 
us, and it forms one of the fourlaws #& 
of thermodynamics, the study of 
heat and energy. 


potential energy. 







¥ Friction Maximum 





The ball slows down dlateidcomalalcine hg 
fo [U(-m coma a(ei(o)a mm eleimaar= At the bottom of 
’ energy isn’t lost - it is the swing, the ball 
= y transferred as heat is moving at its 
im piss, enerey ae he - : energy to the particles fastest and has 
pacity & : in the air. date anvessimm <i ataia (es 


many different forms, which can be 
broadly divided into two groups: 

kinetic (movement) and potential 
(position). The example of a 
pendulum is often used to 
demonstrate conservation of energy in © 
action. If you lift a ball on a string, it 
gains gravitational potential energy. 
When you let it go and it starts to 
swing down, its gravitational potential § 
energy decreases, and its kinetic 


(motion) energy. 


Total energy 
The total amount of 
energy in the 
pendulum system 

(o foX=s>m ale) mel av-lale(=m 


OlnFeTateliave mays ol 
The type of energy 
that the pendulum 
ateKomestelale(ssoweonie 
swings around. 





( 
energy increases. As it passes the z Minimum | 
bottom of its arc and starts to swing ¥ potential KEY: 
upwards, it slows down; its kinetic : energy : Aateeual 
energy decreases and its gravitational When it reaches the | oes ont 
energy increases again. The energy B bottom of the swing, porentaren oy 
isn't lost, it's just transferred from id atom ey] | Mor-]alavelme[=1s i pee erty 
one type to another. With each swing J closer to the ground, | 
I -seet- HUME-heele|brel Mey mi —1e\—1qc4vasl-E-nle 4 Tomi mar-lmaalialionlelan 
transferred as heat to the f (ole Naleciale)ate] 
surrounding air, which is why the ball ; potential energy. 


Top of swing Bottom of swing sojomeyms\wiiale 


: a ag gs ee a ee es ee ee PP Ee oe ee ee ee ee Oe eee eee a ee ee ee ee eee 
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THE LAW OF CONSERVATION OF ENERGY WAS THAT GENERATES ENERGY FROM NOTHING. TRY | 


gradually slows down. 





—" — 





FIRST DESCRIBED IN THE 19TH CENTURY BY AS HE MIGHT, HE COULD NOT FIND A i 

JULIUS MAYER, A MEDICAL DOCTOR FROM SOLUTION. AS AN ADULT, HE TURNED HIS b 

GERMANY. MAYER STARTED HIS EXPERIMENTS ATTENTION TO THE ENERGY PRODUCED BY THE 

AS A CHILD; HE WANTED TO CREATE A HUMAN BODY. HE USED HIS OBSERVATIONS TO 

Wh MWh pen MACHINE THAT COULD PUMP WATER AROUND A = MAKE THE LINK BETWEEN HEAT ENERGY AND | 
PR as ake § | WATER WHEEL USING ONLY THE ENERGY MECHANICAL ENERGY, CONCLUDING THAT g 
avila 5 te ) CREATED BY THE WHEEL ITSELF — LIVING THINGS ARE JUST MACHINES, AND THEY § = 
system remains constant. Therefore : s 2 
energy cannot be created or { { ESSENTIALLY, A SELF-POWERING MACHINE T00 vag od CREATE eae 3 nee SONG j 2 
destroyed, but it can be transferred § Mingen csrceneneTe gn pS RE SDSEPUNNUTGONSs EO A OEPNINT SORES I SOREN OAS RON ETERS SSAA EH EE SPE EE ETE A ermereui beg © 


from one form to another. 
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THE F UTURISTIC © 


SCI-FI TECH: THAT 
COULD CHANGE 


OUR LIVES. 


- ven though Star Wars took place * a - 


time ago, ina galaxy far, far away”, George 
Lucas’ universe contains some of the most 


advanced technology ever seen on film. We'dall 


love our own BB-8, and the lightsaber remains 
the ultimate fantasy weapon. — ss 
Many companies have been working on new 
inventions that aren't too dissimilar fromthe - 
(ob qeyColspmate) osaecbentsecnerom tetsisya weapons in the 
saga. These exciting developments mean that 


much ofthe technology seen in the films is now * 


becomingareality. ~ | . 
JS)CopabCombeenloyse-bacwa-eylodhymbenle)cenvaners 
prosthetics; laser weapons could alter warfare; 
and holograms could potentially revolutionise © 
(cXo)aabealobab(ersum(ojemmsi0lmalolm-el ma aCsmals\VMbeni-yalmleats 
resemble their Star Wars counterparts. Tractor 
beams, for example, would be smallerinreal 
life and used to help surgeons rather than 
capture spaceships. Read on for more real-life 
tech that wouldn't be out of place in Rogue One. 
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Hungarian-British physicist Dennis Gabor received the 1971 Nobel Prize in Physics for creating the first hologram 




















HOLOGRA MS Sci-fi vs real-life 

holograms 
Widespread holographic technology is near and Ber Was oral one of iioe: avalieite today 
could be the next step in communication 


PE AL Display surface 
While we are yet to achieve the sophisticated capture and reconstruct every detail of the — The light bounces or a 
holographic projections used in Star Wars, great human body. In comparison, motion sensors ee 
progress has been made in recent years, anda like Microsoft's Kinect only concentrate on the 













1 Fg 
\ ‘ surface, and isn’t 
; emitted by the object. 













holographic message from across the planet _ skeleton. Microsoft is calling this 
could soon become a reality. ‘holoportation’, and it could 
Aholographicimagedisplaysan jy, revolutionise how we communicate 









object in three dimensions, ) 
without the viewer having to | 
wear special glasses. To makea 
holographicimage, lightfroma = ¥ 
laser is split into two beams: a | 
reference beam and an object 
beam. The reference beam travels To see tie holoarani 
uninterrupted to the holographic film, 7 : : your view must align 
but the object beam is scattered by the By «4 ~% — : with the display. 
irregular shape of the object. When the two | Bee ax, 
beams combine again at the film, they interact F " 
to create a pattern of waves unique to that — Inthe first Star Wars film, 
object. This pattern is recorded on the film, hologram chess.was — 
which can then be used to projecta holographic | played with virtual prébes— 
version of the object. 

The Microsoft HoloLens is taking 
this basic principle even further, 
with holographic projections that 
move in real time. The US company 
describes its invention as ‘mixed 
reality’, to distinguish it from both 


over long distances. 











Light reflection 
The split beams 

bounce off mirrors to 
create the hologram. 






















No side view 
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360-degree view 
As there is no display 
surface being used, 
sci-fi holograms can be 
viewed from any angle. 




































augmented and virtual reality. The Different types 
user wears a headset and the | of holograms 
HoloLens brings digital images to a. - 4 doen Ralsolang Petctadh ca, ae. 

: : People could’payeach = *¥ projectors exible in Star Wars as 
lifeona ae of 3D cameras. The aire’ Ke / i. inStarWars4ne light they. don't havete 
mechanism can also accurately with new holographic “» f is projected from the follow optic rules and 





technology i | hologram itself rather can alter the natural 
than a display surface. properties of light. 





Acoustic 


t t Beam strength . | Acoustic 
rac or Current technology is strong 7 ielan-Milsl(e 
b enough to levitate pea-sized The strength of the 

Ss | ms objects like this 3mm Pounce nvecteain 
a CoyvVmalcelatrelan)eliiaerer= polystyrene ball. be altered to move 


sound waves levitate or rotate the ball. 
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Frequency —————————— 
The frequency of the 
waves is set to 4OKHz, 
iV al (o1aer-]al ave) elm alet-lae 
‘ova alelaat-lace 


Loudspeakers 

cya alialtelaelaow (el0 leks) elst<].<-1 8s) 
forget] kamaaromalle|aurelaale)iidere(= 
sound waves. 
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How It Works 


Head 


The dome-shaped 


DROIDS 


As intelligent robots 
develop, how far can we 
£0 with AI? 


The droids in Star Wars come in all shapes and 
sizes, from battle droid foot soldiers to the 
lovable BB-8. Back on Earth, the robots that 
exist are less intelligently programmed, but 
developments have been made that are raising 
the bar for robotic artificial intelligence. There’s 
the humanoid Asimo that can understand 
emotions and actions, and PIBOT, which is 
being taught to fly planes. Robots will be useful 
in space exploration too, with NASA’s SPHERE 
and Robonaut2 designed to perform tasks in 
microgravity on the ISS. Robots are slowly 
taking on more responsibility and, with further 
tweaks, could become less reliant on humans, 
with AI to match droids like C-3PO and R2-D2. 


Real-life 
droids 


The highly advanced 
robots currently used 
for specialised tasks 


Bomb disposal 
robot 
This small, robust, 
unmanned robot will 
safely disarm and remove 
bomb threats. It can fit 
snugly inside a soldier’s 
backpack and is deployed 
to help save lives. 


Robotic surgical 
assistant 
With medical instruments 
more mobile than the 
human hand, this robot 
helps surgeons perform 
precise operations. 
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companion. It can interact 
with humans in a natural 
way and is able to read 


head has magnetic 
rollers that allow it 
to roll evenly over 
the body. 


How BB-8 
works 


The fan theories on 
this popular droid’s 
inner workings 


Body 

The spherical body 
gives BB-8 a speed 
advantage 
compared to older 
astromech droids. 


Electronic 


Motorised arm 

BB-8’s interior contains a 
spherical joint that can move 
the droid in any direction. 


Emotion reader 
One of the most advanced 
robots ever created, the 


Robotic arm 
These devices are used 
prominently in the 
manufacture of cars and 
have the power, as well 
as the precision, to lift 
and load weights of up 
to 1,000kg. 


humanoid Pepper is 
designed to bea 


our emotions. 


control system 

Four motors connect to 
omni-directional wheels, 
controlling BB-8’s movement 
a bit like a Segway. 


Robotic explorer 
Essential for exploring the 
Red Planet, this robot 
sends images back to 
Earth and can analyse 
Martian rock samples in 
its onboard laboratory. 





Star Wars 
droids 


i datelmelgomaalsmelgey(e 
classes of the Star 
Wars universe? 
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CLASS 1 

Medical 

These droids are used to 
cure ailments and injuries. 
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CLASS 2 

eter nl alcers)| 

Bi alisme beWicmeymelce)(omicmoleliie 
to repair spaceships and 
their internal systems. The 
lovable astromech R2-D2 is 
(oyatome)imuatciaay 


7 
CLASS 3 
ad Ke) Kelexe) | 
As C-3PO once said, these 
droids specialise in 
‘human-cyborg relations’. 
They are primarily 
employed as assistants. 
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CLASS 4 

Fighters 

(oyun) ey-1melge)le(oMer-|aavMelele 
the dirty work in the 
ere] ep avar-lalem e-lale(omace)an| 
bounty hunters and 
soldiers to security robots. 


CLASS 5 

Labour 

These basic workers are 
used for jobs like cleaning 
late manteliaeciatelaexcemeyakslanial 
(o Fel ale(=1gel0 om 0) rlersicml| Com uala 
lava-planet Mustafar. 
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Not unlike C-3P0, humanoid robot Pepper can speak multiple languages 


LANDSPEEDERS 


Travel Tatooine-style on 
vehicles that hover 


The Aero-X is an exciting new invention that 
resembles Luke Skywalker’s landspeeder. The 
two-person hover vehicle is controlled just like 
a motorbike, and is designed for search and 
rescue operations, as well as farming and 
ranching. A similar vehicle is the Malloy 
Aeronautics Hoverbike. A very ambitious 
project, itis predicted to be able to hover at 
heights of nearly 3,000 metres. The hoverbike 
will utilise a fly-by-wire system that uses 
electrical impulses to send instructions from 
the dashboard to the engine. Both these 
vehicles use propellers to achieve flight, but 
other designs instead change the infrastructure 
below them. Magnetic levitation, or maglev, is 
already used in rail tracks ina number of 
countries. Powerful electromagnets inthe 
ground repel the vehicle, causing it to hover. 

















































The Malloy 
Aeronautics 
Hoverbike is 
described as the 
world’s first flying 
motorcycle and is 
currently in the 
testing stage 


“The Aero-X will also 
be very popular for 
recreation and 
gir-racing © 


Control 

It only takes a week of 
training to learn how to 
operate the Aero-x. It is 
fitted with a roll bar and 
optional air bags for 


Aero-X added safety. 


Step on board a low-altitude 
hoverbike that is controlled 
just like a motorcycle 





Structure 

A carbon-fibre composite construction 
makes the vehicle light yet durable. 
Flotation pontoons can be included to 
allow the Aero-X to travel over water. 






Extras 

A transport trailer 
can be attached to 
the hovercraft, and 
there’s a USB port 
for charging 
phones and tablets. 
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Ground clearance 







Fan protection 













— The Aero-X hovers 3m off = 
S= the ground using rotating For more efficient airflow and Vertical lift 
a — carbon-fibre fans, and can = a VE to protect from potentially The vehicle takes off vertically with 
+ reach speeds of 72km/h. Wea damaging obstacles, the monmesd or airuntayecnd caninen 


rotors are encased in ducts. standard petrol for up to 75 minutes. 


© Disney: Newcastle University; 2016 Intuitive Surgical, Inc; SoftBank Robotics; Northrop Grumman Corp.; Malloy Aeronautics 
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A laser attack can be 

invisible - the target 

won’t know they’re 
under fire until the 
damage is done 





LASER WEAPONS 


Blasters firing powertul rays of light 
could soon be used in combat 


The US military demonstrated the use of laser weapons in 2010 when four 
drones were shot out of the sky by a directed-energy weapon aboard USS Ponce. 
Laser weapons could replace missiles in some capacities, and are also being 
tested on land in Stryker armoured vehicles, and in the air on AC-130 gunships. 


Laser Weapon 
System (LaWS) <_ 


The US Navy’s new energy weapon U y, 
can sink boats and take down drones ' ~S 


Radio frequency sensor he 
Accurate range data helps ' i. 
determine how far away and how = 
quickly a target is moving. >. 


Deployment 
The weapon is 
currently mounted 
on board the US 


Navy’s USS Ponce. ns 


LaWS is similar to 
the laser weapons 
of Star Wars 


Fibre-optic cables 
The weapon’s cables are 
SE. hidden below deck, and as 
long as the ship has power, 
— it can fire an unlimited 
= © 8 amount of lasers. 
















Target tracking sensor 
LaWS can lock on to moving 
targets and provide tracking 
assistance to help heat-seeking 
missiles find their targets. 
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Laser beams 

Six laser beams fire at once. 
They are powerful enough to 
destroy a target, but can also 
just disable its equipment. 


Beam director 

The barrel of the weapon is 
moved by a tracking mount, and 
its manoeuvrability means even 
the fastest ships can’t escape it. 
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The LaWS costs just $1 (£0.80) per shot, compared to $1m (£0.8m] to fire one heat-seeking missile 


LIGHTSABERS 


Many fans of Star Wars have dreamt of 
having their very own Jedi weapon 


through each other. One potential drawback is 
that lasers can easily be reflected, so all your 
opponent would need is a mirror and they could 
turn the lightsaber back against you! 

The TEC Torch is a portable breaching tool 
that burns through material in a similar way to 
a lightsaber. Developed by Energetic Materials 
& Products Inc, it contains thermite cartridges 
that burn at 2,800 degrees Celsius, which is 
strong enough to cut through steel. It can slice 
through door hinges, locks and chainsina 


Could we ever 
build a real 
lightsaber? 


Creating this galactic sword 
will take a lot of work 


Scientists have proposed a couple of ways to 
recreate the legendary lightsaber. One method 
is to harness the fourth state of matter, plasma, 
an ionised gas in which atoms are separated 
into negatively charged electrons and positively 
charged ions. In theory, this superheated 
substance could slice through metal, but it 
would require an enormous amount of energy 
to do so - and that would make it far too hot to 
holdin your hand. 

Another idea is to use lasers. Scientists at 


Plasma beam 

The plasma would need 
to be concentrated into 
a beam. This could be 
done using magnetic 
fields that can control 
plasma particles. 


Solid core 


Harvard and MIT have discovered that photons 
can be coaxed into interacting with each other. 
After being bound together with rubidium 

atoms in a vacuum chamber at temperatures of 


matter of seconds, and could bea valuable tool 
for the police and the military when conducting 
rescue missions. 


Plasma lightsabers 
would simply pass 
through each other. 
Having a solid core 
could rectify this but 


The TEC Torch 


This thermal cutting tool emits intense 
blasts of heat that melts steel in seconds 


the material would 
have to withstand 
extremely high 
temperatures. 


almost absolute zero, it was found that they 
combined to form molecules. This would allow 
the lasers to clash rather than simply passing 





End point 
Currently there 
is no viable 
method of 
stopping a 
laser or plasma 
beam ata 
given point. 


The Tec Torch 
erodes materials by 
heating them past 
a avetiamaateiiniarep exe)iais 


Heat blast 

Each blast of metal vapour 
lasts for only two seconds, 
but this is long enough to 
burn through metal locks, 
chains and hinges. 


Turning on 
and off 

If a solid core is 
fixed, it will create 
a problem in 
turning the 


Uses lightsaber on and 


Ignition 

A push of a button ignites the 
thermite cartridges that 
contain a combustible mixture 
of metals and metal oxides. 


| | 


WWW.HOWITWORKSDAILY.COM 


The TEC Torch is useful in ™ 
military operations and 
allows quick access to 
blocked-off areas during 
rescue missions. It can 

even work underwater. 


off like in the films. 


Battery 

Current batteries 
Cannot power a 
plasma lightsaber. 
Super materials like 
carbon nanotubes 
could solve this. 


Too hot to 
handle 

The extreme 
temperature of the 
plasma would 
make it far too hot 
to hold. A cooling 
system could be 
devised, but it 
would be too bulky 
to be portable. 
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© Disney; NASA/Boeing; WIKI; Illustration by Jo Smolaga; Energetic Materials & Products, Inc 





Trigger 


s Holding this down activates 














the saw, connecting the 
circuit from the power 
source to start the motor. 


= = — 
J igqsaws sim ple but effect — Eccentric bearing 















within its plastic shell This converts the 
rotational motion of the 
gear into the upward 


The power tools that help 


you cutyour materialintoall | Motor | Band downward motion 
- ‘ An electric motor powers . of the blade. 
kinds of amMmaZing shapes the saw by quickly rotating : 
the central rod, which 
igsaws are a firm favourite in woodwork spins the gears and fan. 


lessons. These hand-operated tools cut 

using a toothed blade that protrudes from 
the bottom ofa plastic housing, and are ideal for 
cutting precise curved lines into materials. 
They're also adaptable, as most jigsaws have 
different speed settings and blade options to 
optimise the kit for plastic, wood or metal. Their 
versatility and ease of use make jigsaws a great 
choice for learning carpentry. If you ever want to | 
change the shape of your boring rectangular 


desk, you know what tool to look for. Fan 
The fan is powered 
by the motor and 
prevents the 
machinery from 
overheating. 


© Thinkstock; Polaroid; Illustration by The Art Agency 









Base e 

This platform is placed a Blade 

against the material being |” An orbital lever guides 
cut, allowing the saw to i a jagged blade to move 


pull against it as it cuts. up and down quickly. 
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Super Precision 


Gyroscope 
This gyroscope has been designed and built to the 
highest precision. A solid brass disk, lightweight 
aluminium frame and stainless-steel ball bearings 

allow it to operate at over 12,000 rpm using the 
provided electric motor. It comes with attachments 

allowing numerous configurations to perform scientific, 

Ca educational or simply mesmerising experiments. 












Chris Hadfield Live in the UK 


In January Chris Hadfield returns to the UK fora short series of innovative and 

inspirational shows which open up the world of space exploration for everyone. 
Featuring photos and videos from his own collection, Chris tells his own 
incredible story and reveals incredible stories about life on the International 
Space Station. For further price information and to purchase tickets: eg 


Salomon Trail 
‘ 20 Pack 


The Trail 20 ensures a balanced load 
distribution and ease of use, with 
great access to the main 
compartment and convenient hip 
belt pockets. It is ideal for moderate 
runs or day hikes on any terrain. 


GoPro HERO 
Session 


Never miss capturing the perfect 
picture during your most exciting 
moments. Small and light with easy 
one-button control and rugged 
waterproof design, this is the simplest 
grab and go capture experience. 


Nite Watches - ALPHA-209S T100 


Tell the time, all the time. The ALPHA-209S T100 from British watch 
brand Nite Watches combines the completely self-powered T1i00 rated 
Tritium illumination with sapphire crystal and a Swiss movement, 
providing 10 years battery life. A watch that can be depended upon, 
appreciated and desired at all times. 


Universe2go 


Universe2go isan augmented-reality star 
viewer and app, combining stargazing with 

history, mythology and lasting impressions, otherwise solely 
experienced ina planetarium. Using your smartphone, Universe2go 
superimposes a digital picture over the night sky, offeringa 
revolutionary perspective of the universe and the chance to 
explore the cosmos with astounding precision and ease. 

10% promo code: u2gohiw16. Valid until 31st January 2017. y 
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generation of \ 
programmers - 











Discover why children are learning to code through apps ond games 


rogramming is set to become one of the 

fastest-growing professions over the next 

ten years, and there just aren’t enough 
computer-science students to fill all of the jobs. 
Learning to code is nowa fundamental part of 
mainstream education. Even for those who 
won't grow up to become programmers, coding 
teaches valuable lessons. 

Learning to ‘speak’ to computers teaches 
children how to use logic to solve problems. 
They get to test out different ideas, and have the 
opportunity to produce something functional 


How Cubetto works 


or fun using their own creativity. And getting 
started has never been easier. The latest toys, 
games and apps make coding accessible to 
pretty much anyone. 

For those who want to dive right in at the 
deep end, there are plenty of websites available 
that teach the basics of popular programming 
languages through interactive lessons. This 
allows you to type code straight in to your web 
browser and immediately see the effects. Some 
even turn the process itself into a game to make 
it more engaging. 


This little wooden robot teaches children to code using tactile blocks 


Function block 
The blue block tells 
Cubetto to take a break 
from the main sequence 
to read the function line. 
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Cubetto 
The smiling, 


cube-shaped robot has 
two wheels, and acts 
on the directions given 
on the console board. 
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Function line 
| This line stores an extra instruction, made 
=== from up to four blocks. The robot will read 
this code every time it meets a blue block in 
: the main sequence. 


If that’s all too much, there is now a wealth of 
apps and games that hide the language of 
programming, and instead go straight into 
teaching the concepts and structures that hold 
it all together. Instead of asking you to type out 
the code line by line, they provide ready-made 
blocks that can be slotted together to build 
programs without having to type a word. 

The secret is learning by doing, through trial 
and error, and the latest tools and technology 
make that easier and more engaging than ever 
before. What are you waiting for? Get stuck in! 


Console board 


- =, The coding blocks fit 


into holes in the board, 
stringing together to 
make instructions for 
the robot. 





Main sequence 
The robot follows up 
to 12 instructions, step 
by step. The players 
just need to slot the 
blocks into the board. 


Action button 
Hitting this button 
sends the instructions 
to the robot. 


Coding blocks 
Each block is an 
instruction. Green 
means forward, 
yellow means turn 
left and red means 
turn right. 


JAILY.COM 


Victorian mathematician Ada Lovelace developed the first theoretical software algorithm in 1843 


Making 
Cubetto 


We spoke to Filippo Yacob, 
CEO and co-founder of Primo, 
about the importance of 
teaching kids how to code 





How did you first come up with the idea 

for Cubetto? 

It was 2013. I was looking for the easiest way to 
teach my son coding starting at age three. I 
wanted to give hima head start in life. Iwanted 
a toy that would be completely tangible, 
accessible to all cultures and genders, and 
worked without a screen. Today, Cubetto isa 
standard in early learning and coding in more 
than 90 countries. I was not alone. 


Why is it important for children to learn 
programming skills? 
There will be nearly 900,000 job vacancies by 


logically, and solve problems better by 
developing critical thinking. These are 
transferable skills that will help a child in all 
aspects of his or her life. 


Why do you think games are such a good 
way to get children learning? 

Play mirrors real life. It gives children a safe 
place to learn their limits and discover 
themselves. The coding blocks children use to 
program Cubetto area ground-breaking, 
tangible, procedural programming language. 
By making code look, feel and work like a toy, 
we made coding immediately accessible to 
young children by making it playful. 


What would you say makes a good 
educational game? 

A good educational toy makes children forget 
they’re learning. When we see children play 
with Cubetto they talk about adventure, 


2 decoys! | 





2020 for computer programmers. This deficit is movement, places they want Cubetto to visit. Qi 
growing. Teach your children programming The learning happens naturally. > x aA ; 
and you increase their chances for success in 4 >. 5 PE 
the future. The second reason isthatfromartto Whatis the future for Cubetto and learning See >< Sr 


music to science, coding gives us infinite 
capacity for creative expression, and a greater 
chance ata richer life. 


Is there an advantage to learning to code at 
a really young age? 
Learning to code is like learning a language. If 
you start early it becomes second nature. 
Learning to program also helps you to think 
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to code using games? 

In April, Cubetto became the most crowd- 
funded educational invention in Kickstarter 
history. There are 2.5 million early-learning 
centres, primary schools and public libraries in 
the world. We would like to see a child play 
with a Cubetto in every one of them. The 
potential of a generation growing up with a tool 
like Cubetto is huge. 
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Cheap computers like Raspberry Pi and Arduino make it 


easy to turn coding skills into hands-on projects 


Online coding tutorials 


Get to grips with programming basics on these interactive sites 


Minecraft 


Codecademy 


Code School 





od drive your o 


Hour of Code 





: These bite-sized tutorials get people 

? coding very quickly. It started as a 

: one-hour introduction to coding, and now 
: you can learn to make a maze, a Flappy 
Bird clone or a Minecraft adventure in just 
: 60 minutes. 


: Here we have another online interactive 
: tutorial site with a wealth of possibilities 
: for the budding programmer. With video 
= lessons, practice sessions and badges, 

: tutorials cover everything from HTML to 
= iOS app development. 


With thousands of children already playing : This online learning hub provides 
Minecraft, the LearntoMod add-on gives : step-by-step interactive coding courses, 
players the chance to use their favourite : right from the basics of making a website, 
game to learn coding. The result: the : all the way up to tapping into Twitter. 
ability to make your own Minecraft ‘mods’ : Codecademy teaches 12 different 

with altered game features. = programming languages. 


© Thinkstock 
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How are bowling balis 
made? Sl cn 


helps the ball hook onto 


Ifyou cut open. a bowling the lane and deliver 


plenty of power when it 


ball, you'd beinfora pretty _ hitsthe pins 
big surprise 


hey may look like simple spheres 

of coloured plastic, but bowling 

balls are carefully engineered for 
optimal sporting performance. Inside 
are several different layers, with a heavy 





a ae Outer core 
asymmetrical core designed to curve Teper cenciaer 
the ball towards the pins. The core is polymer gives the ball 
made from polyester resins blended its shape and holds the 


RG: fear 
with minerals. A catalyst is added to EP eo Pace 


trigger a chemical reaction that heats up 
the plastic mixture. It can then be 
poured into a mould, where it quickly 
solidifies. Next, the core is placed within 


Bowling balls contain hidden 
weights that affect their rotation 


Core shapes 


- There are several different 


core shapes, each one 
designed for players of a 
specific skill level. 





= = = - . - . - 
alarger mouldand another layer of | = fa a e 
plastic is poured in. An outer layer of € A \ f 
; ; : 
veneer is added to help the ball grip the \ } +4 
lane. Finally, the three finger holes are d 
drilled into the side. ae | 
Inner core Combination core 
Made of a polyester resin This type of core is made by 
blended with minerals such enclosing a core of one shape and 
Discover the many layers of plastic as silica and limestone, the density, inside a second core of 
that help you topple those pins core gives the ball its weight. another shape and density. 


















Sensor 
When you slip the shoe on, a 
sensor registers your weight 
and the position of your foot. 
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Pulley system 
The laces are pulled tightly 
around the foot by a pulley 
system, and are wound around 
a battery-powered spool. 


The tech that enables these 
futuristic shoes to lace 
themselves up 








_ Buttons 

You can manually tighten or 
loosen the laces by pressing 
the plus and minus buttons. 


| Battery 

The lacing system is powered 
by a battery that lasts for two 
weeks on a single charge. 










© Illustrations by Neo Phoenix & The Art Agency; Thinkstock 


DID YOU KNOW? People with CVD see only 5-10% of the 1 million distinct shades of colour that people with normal vision see 


EnChroma glasses 
help people with 
CVD distinguish 
between colours 


Glasses for the 
colour blind 


Discover the optical tech that can restore normal colour vision 


colour. The more accurate term is colour vision 
deficiency (CVD), as those with the condition have 
difficulty distinguishing between certain shades. 
This is caused when one type of cone cell at the 
back of the eye is missing or mutated, affecting the 
signals received by the brain that help it determine 
colour. The most common form of the condition is 
known as red-green CVD, which occurs when the 
red and green cone cells overlap more than 
normal. This alters the strength ofthe signals sent 





illions of people around the world 
experience colour blindness, with one in 
12 men, and one in 200 women affected 
by the condition. Men are more susceptible 
because most cases are inherited through the X 
chromosome, of which men have one and women 
have two. Therefore, men havea decreased chance 
of inheriting one normal copy ofthe gene. 
Although commonly referred to as colour 
blindness, those affected are not actually blind to 


Seeing the rainbow 


How do EnChroma glasses solve 
red-green colour vision deficiency? 


Normal colour vision 
Red, blue and green cone cells 
send signals to the brain, 


helping it to determine the 
correct colour. 


a 


Outdoor use 

As the glasses block 
out some light, they are 
only intended for 
outdoor use when 
conditions are bright. 





Red-green CVD 

A mutation causes red cones 
to detect green light or vice 
versa, Causing the signals 
sent to the brain to overlap. 


How we see colour 


When light reaches our eyes, it is detected by 
fate) Ko) a=\or=) 0) Ke) mora) | Kom [aaa io Ro10] atm ere] |(=\em aelelse-|alemere) Astor 
Rods detect the brightness of the light, while cones 
detect the colour. Humans have three different types of 
(ore) al=Mer=)| PR =y-(e1 a -] 0) (=m Ke e(=1K-\o1 m=] Re) mual=MVA/)] 0) (= 
wavelengths, or colours, of light. However, some 
respond more strongly to certain wavelengths than 
others. Red cone cells respond more strongly to long 
wavelengths, blue cone cells to short wavelengths and 
fe] getela exe) al=Mex=) | mKOm Ht aToMNe-NV{2) (2) ale 1ualomlamd arom pal(ele|(-me)mual= 
J ol-co1 dU] ga bam KoMe(=1X=) annl/ atom ual=More)(ol0) ao)mual-Me)e)(-\erm\iolUm-| c=) 
seeing, your brain compares the strength of the signal 
(ore) gallate mine) gam=y-(e1a exe) a(-mex-) | Mer-laleMnalcotcmualclanmnole(-laalcle 
to create the right shade. 
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to the brain, causing green to appear more brown, 
and red to appear more yellow. 

While there is no cure for CVD, EnChroma has 
developed a pair of glasses that can improve colour 
vision. They were originally used as safety glasses 
by surgeons performing laser eye surgery, but 
when a person with red-green CVD put them on, 
they noticed that they could see more colours than 
they were able to before. 


With EnChroma glasses 
The lenses filter out the 
wavelengths of light that overlap 
between red and green, 
separating the two colours. 












Lens layers 
The lenses are made of 100 
thin layers of material that 
block out some 
wavelengths of light. 


Correct colour 

By separating red and 
green, the glasses allow 
the brain to receive more 
accurate signals from the 
cone cells. 
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In our search for life 
water may lead the way 


S we continue our search for life 
elsewhere in the universe, one thing is 
becoming clear. There are many worlds 
_ like Earth, andsome may also play host to water 
-a key ingredient for life as we knowit. 

Inour own Solar System, there is a rapidly 
growing list of worlds that have water in one form 
or another. Some, like Ceres in the asteroid belt, 
are likely to merely have the frozen remains ofa 
once liquid ocean. But others hint at a surprising 
level of activity. 

Weare yet to actually see any of these oceans, 
as they are buried deep beneath thesurfaces of 
various moons, away from prying eyes. But We do 
have indirect evidence for their existence, in the 
form of shifting surface features, fluctuating : 
magneticfields, or plumes of water vapour ejected 
into space. The latter, seen on Saturn’s moon 





Enceladus, has been studied in detail by NASA‘s 
Cassini spacecraft. 

It is not just our own Solar System that is 
enticing though. We now know of thousands of 
exoplanets - worlds beyond the Solar System - 
many of which could play host to fascinating 
reservoirs of water. Evidence is already mounting 
for some planets that could be covered ina global 
ocean, while we now know ofa handful that are 
JKoferclccXoBbeun elon a='/-)a-16 Me etcloyir-le)(cAeyelcmeyanelciee 
star, where the temperature is right for liquid 
water to exist on their surface. 

No other world is known to have bodies of 
IbCelentomnicclucveeyeblictcienercleameyelaactslavbenkcpertereyel 
Titan has any large amount of liquid, composed of 
liquid hydrocarbons. Butweknowhowvital 
water is to life, and further studies of any one of 
these worlds could reveal some exciting findings. 
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DID YOU KNOW? Mars may once have had bodies of water on Its surface, with up to a third of the planet covered in liquid 


JUPITER AND SATURN’S MOONS © 


These gas giants are orbited by.a number of ocean worlds 


Inside Europa pane She ai 

NASA's Europa Multiple Plumes of water vapour 

What secrets might this icy moon Flyby Mission will attempt from the ocean may be 

ol=Malcellavemelace(=) mii ecmclelar-(c¥g to study the moon’s ocean avleaiatemicelaamual-Bslai-iecy 
' in the late 2020s. 


Chaos 


mAVd/ o(=)a (exo xe) are Me WV ar-lanl(ometerst<l al 
comes from shifting surface 
features called’chaos terrain. 





Enceladus 


Parent planet: Saturn Ocean world status: Active 


Saturn’s icy moon has been observed spouting 
water from a suspected underground ocean. 
NASA used its Cassini spacecraft to fly through 
1d avet1om ©) (Ulan (esowr-] ale mct-lan)e)(omualcaap 





“Water is a | 
key ingredient ~ sora tenet 
for life as we tage of lilometles 
amie ivivs it” beneath its surface. : 





Parent planet: Saturn Ocean world status: Possible 


Yes, it looks like the Death Star, but based on 
its wobble while orbiting Saturn, researchers 
1a) ialq@imexele|(emexo)ale-lial-Mi(e[0)(eMu\r-1u) axelerst-]amm Male) 
surface, though, shows no geological activity. 





et ee Titan . @ailiste 


































































































Parent planet: Jupiter ‘Ocean world status: Locked Parent planet: Saturn Ocean world status: Locked Parent planet: Jupiter Ocean world status: Locked 
Jupiter’s moon Ganymede, one of the few moons Titan is the only world other than Earth known to AV (el=lalex= uke) @r-<10] 0-10] ar- [ero eler-t-1a me) am Or] || (1K) 

1datelele]| sium mom al-\\.ow-mant-le]al-le(omalsi(e Mm aat-\mar-\cmenleliale)(c have bodies of liquid on its surface, in the form of (ore) gal=som ice) gam ecm patele alia (om ii) (eMomlal nal e-le1d (ela) 

layers of liquid water beneath its surface. This liquid hydrocarbons. But it may also have a with Jupiter’s magnetic field. This implies there 
subsurface salty ocean may explain Ganymede’s [JU] os] r-[eX=Molexct-] pM U ae] 0) elclem-] elelU] molOM <i (elaa(qln cet re] goa) (=Yoal a (omoi lq qe)aiecm\idallamuatomaalele)ammuual (orn . 
iaatele|arsia(omals) (emmr-] ale mexole] (0 —-] [son ol- Wu a(=Mor-]0|-{-e) i below the surface. It’s unlikely Titan could support rare thought to be conducted by a salty ocean. < 
10) ge) e-(-melamualcmaaleyelap life as we know it though. 6) 
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DWARF PLANETS 


Some of these worlds in our Solar System may play host to oceans 


Mantle Atmosphere a 
ui O Unlike Earth’s hot Pluto has a very thin atmosphere Tate (e (sy pi uto 


mantle, Pluto’s may be that ch | ef it : . 
ae Me Re ee What we think this dwarf 


; a frozen Ocean. distance from the Sun. , landeniiaht lobiclike 
It turns out this ex-planet | : 2h Mieco 
is full of surprises 


When NASA’s.New Horizons spacecraft flew past 
Pluto at the edge of the Solar System in July 2015, 
no one could have expected what itwould find. 
Aside from a seemingly active surface, Pluto also 
shows signs of asubsurface ocean. Evidence for 
this comes from a massive crater on the surface, 
called Sputnik Planum. 

You might better know this as the heart-shaped 
feature on the surface of Pluto. It is 900 kilometres 
across, and was likely caused by an impact froma 
huge object. Despite being a large crater, the crust 
elie) olbimenlce@ arcbalvneemer-lopesle)acmantatsts than the rest of 
| Jibion Mel-pacr-WieyeBieauebtcneelellomercuset-immatcpnesteys(er 
caused material to shiftin Pluto’s interior, a 
scenario that requires a subsurface ocean about 
100 kilometres deep. 

























Core 
The inner core of 
Pluto is likely to 
be rocky. 


Surface 
PLUTO Pluto’s:surface is covered in 
faatevdat-lalcmel ale mall dgele(-\amiges-1e 





Parent star: 


THE SUN 
Ocean world Sputnik Planum 
status: Ocean 
POSSIBLE AVA (e(=la(ex=nxe) anual sMelerst-] amore) galas 4 
from Pluto’s heart-shaped ; 3 Heat from 
= region (not visible here). 1% radioactive elements 


in Pluto’s core may 
raateyimmcxe)aatome) im dal) 
frozen mantle above. 


NASA’s Dawn spacecraft is 
currently in orbit around Ceres 





Ceres 


Parent star: The Sun Ocean world status: Possible 


Ceres is located in the asteroid belt between Mars and Jupiter, but-one thing that 
has puzzled scientists is the lack of large craters on its surface. The answer may 
be that the upper layers of Ceres’ interior contain ice. This would allow the 
surface to flow, wiping out evidence of large craters. This ice could even be the 
aelaatellatcme) mrs lab-laler(=)aiemelerst-lame ale) imi ceydzlam el-)al=t-ldamual=Bol0] ar-(exoew. Wi [ed (eae) ma alts 
may be in a liquid state. 
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DID YOU KNOW? Recent evidence suggests Earth's water was delivered by asteroids, rather than comets as was once thought 


EXOPLANETS 


The worlds beyond our Solar System that may have water 


Kepler-62 system 


Could this far-off celestial body harbour life? 








The mysterious red dwarf star systemknown as and water on the surface, possibly even encased 

Kepler-62 is located 1,200 light years from Earth, in a global ocean —a water world. 

and two ofits orbiting planets show signs of The same may also be true of Kepler-62f, which 

Jake \ighatemtcbecton-beelOlUnslESKe) ANVCcIKs) a isalso1.6-times the size of Earth. Both worlds are 
The first is Kepler-62e, which orbits its star at id aloleredsimuonor-mbemmalcwer-leyir-le)lcpasraleyeu tel trenceatennisel 


the equivalent distance of Mercury from the Sun as the Goldilocks zone) of their star, where liquid 


in our Solar System. Owing to its size and water can exist due to the fact that the G i iese 1445, ) 


distance, scientists thinkit may haveacloudysky temperatures are neither too hot nor too cold. Parent star: Gliese 1214 


Ocean world status: Unknown 
Cold 
i K t This world, located 42 light years away from 
e e er S Ss em At the outer reaches of a i ; : 
slanetary cystem us, is 2.7-times the size of Earth. A huge 
How these alien worlds may 


fomipcr nicer too! ow fraction of its mass is thought to be water, but 
be able to hold water ae being so close to its star, where the 
for liquid water to exist. | 


temperature and pressure are both extremely 
high, its water may be in an exotic form. 





Star 
Kepler-62 is about 69 per 


cent the mass, and 64 per J iah 
Hot cent the size, of our Sun. ust rig t 
Close to a star, liquid The temperatures in the 


water boils away as_ | § habitable zone, where 
temperatures rise. Kepler-62e and -62f reside, 
could support liquid water. 





Goldilocks zone | 
| The habitable - or ‘Goldilocks’ - | 
zone of Kepler-62 is closer to the 


star than that of our Sun’s. Proxi aah b 


Parent star: Proxima Centauri 
Ocean world status: Unknown 


Proxima b is the closest Earth-like planet to us, 
located just 4.2 light years away around 
Proxima Centauri. It orbits in the habitable 
zone, and some models say it has a good 

(ol n= ]alexcMe) mm at-hYAl ale mr-s)(e] alia (er-]almr-|patelelalmeyim\ 7-102) 








KEPLER-62 
SYSTEM 


aioe ae = Proxima b Is the 


Ocean world closest Earth-like 


status: 


UNKNOWN planet to us" 





Salty oceans 


DX=yox=larel[aleme)amale\imct-] iva da(smeler=r-]a mela r-Ms'(e)a (eM crm ieoxe)U) (eM at-hV.om- a al-](0) mm =l (avert 
on its climate - and therefore its ability to host life. On Earth, the salinity 
levels cause warm water to move to the poles, where it is cooled. But for a 
world with a saltier ocean, water from the poles could flow to the equator, 
creating a circulation pattern that dramatically warms the polar regions, 
possibly increasing the planet’s habitability. A low salinity - close to that of 


oO 

fresh water - could have the same effect. So salt may be key in the hunt for The salinity of an ocean 2 
life outside the Solar System. may play a key role ina 2 
6) 


planet’s habitability 
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y; NASA/JPL-Caltech 
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i =e 


im ae - = 
Cosmic chemistry = “re taractstieoss 
Could molecules recently discovered outside ai / 
of our own galaxy support life? 

















Small and hot 


(oyae Ol=WedGs]mubOcC= rs W ele) masle)l=erbt-panelaseend elu elelm-belomel-vels-waelslsisneyi The core measures just 
under half a light year across 


complex molecules surrounding a newborn massive star — has been 
“. = / and has a temperature of 
discovered outside of our galaxy. Similar objects found within the over -173 degrees Celsius 
Milky Way contain organic molecules, such as methanol and ethanol, which (80 degrees warmer than a 


are connected to the origins of life, meaning this new discovery could stan Gat amoleculal <\OUe) 


potentially prove the possibility of extragalactic beings. However, while 
some familiar molecules were found, the core’s chemical composition 
features a lack of organic compounds, suggesting that ifthere is life outside 
oi our galaxy, it develops ina very different way. - 3 





ry + i Dee 

. r 4 ae v ’ tins 
* i. : a. %% 

4 * . | “/. a 

Galactic neighbour Pa 

It is located around the 

newborn star ST11 in the 

Large Magellanic Cloud, our 

neighbouring dwarf galaxy. 


High-tech discovery 
The discovery was made using ) 
the ALMA telescope, which can ‘ . Complex molecules 


detect wavelengths of light The core contains lots of 
between radio and infrared. | sulphur dioxide, nitric oxide, 


These wavelengths provide Y ior | formaldehyde and dust, but 
clues about cosmic chemicals. = only low levels of methanol. 


Rove i situations on Mars, before programming Curiosity 


to carry out the tasks for real. The first twin, called 


| 
Maggie, is an exact replica of the Red Planet rover, 
used to test its software and scientific equipment. 


The second is Scarecrow, so called because it 





We et dels Earth-b ound doesn’t have an onboard computer ‘brain’, andis 
counterparts ‘eyi dala ae)e) el KS used solely for driving practice. It’s lighter than 
2);40) (oaberes wala | >Xave| |>)| anet Curiosity to simulate the effects of the lower 


gravity on Mars, and can be controlled viaan 





hile the Curiosity rover crawls around iPhone app. Using 3D images captured by 

on the surface of Mars, its twins are Curiosity, NASA‘s scientists recreate its 

down here on Earth, helpingtoensure —_ surrounding terrain in the Mars Yard. They then 
its mission runs smoothly. Instead of navigating carefully choreograph Scarecrow’s manoeuvres, 
real Martian terrain, theyroamaroundtheMars _ beforesendingthesame commands to its twin 
Yard, asandy outdoor arena scattered with 200 million kilometres away. 


boulders and dunes, that can be found outside the 
NASA's Jet Propulsion Laboratory in California. Before Curiosity even reached Mars, engineers were practicing 
Here, scientists use them every day to practise for with Scarecrow on California’s desert sand dunes 
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Massimino is a veteran of 
two Space Shuttle missions 
that serviced the Hubble 

Space Telescope 






Astronaut Mike_ 





WEBRSS liace 


With the release of his memoir 
Spaceman, we caught up with 
Mike to talk about his 18-year 


Pate yA Wars areye 


redited as the man who fixed the Hubble 

Space Telescope, the veteran of two Space 

Shuttle missions explains what is involved 
in training to go into space and how you can 
become an astronaut. 


At what point in your life did you realise that 
you wanted to become an astronaut? 
Well for me, the dream started when Neil 
Armstrong took those first steps on the Moon. I was 
six years old when that happened. And so that was 
when [my interest] formed. I just thought [landing 
Veh Maremly CoLevelMNcclomselcspenlesimbasloreyar-balmualvarcareuers 
onand the most exciting thing I’d ever seen. And 
even though! was six, I knew that I wouldn't see 
anything quite like itin my life. ne i was 
changed forever. 

But then that dream kind of wentaway. I 
id atoletsd elma etcl@lmrVclsxololsve)luicclyyauenyelesiyle) (ane 
become an astronaut. I thought: there is no way, 
how could this happen? But my dream was 
rekindled when I was finishing up college and 
after that, after |was working, I realised that I 
really needed to do something in the space 
program in order to be happy. 


You're a veteran of two Space Shuttle 
missions, could you tell us what's involved in 
training to go into space? 

Asan astronaut you get trained to do all kinds of 
things: you learn to flyina high performance 
airplane, learnthe systems ofthe Space Shuttle 
Elatohuatctsyey-(a-scieclaeyeme(-t-VaoW olen larennioyace 
asateam in simulations. You're practising, 
jovecleuntybareg-belomeyeslemtsjbercmm\ ava eeneetsbavalele) 
on my missions was that I worked the 
[Gzterclokcheeelpaeleleym-besetsr-wblaclcnoyin 
However, my number one job in space 


Massimino (far left) was on the final Space 
Shuttle mission to the Hubble Space 

WN =l(<koxere) ol=ir-] (e) ale jile(=mGiae)anm(-1amcemale|a19) 

NV Tot aFel=l mk Crelele Mm C1 ate [o)avanle)alalcvelammeierela i 
\idaatelamm\(cterclamiv/cey-Vaualll em lolalamesaelatciici(e| 
late m-Nalelac\ ia mole ike) 
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ended up being the spacewalker. And so, to do 
that, you piece together different experiences - 
including stuffin virtual reality, we had lessons 
where we had to learn about the spacesuit and the 


techniques [we'd be employing in space] and so on. 


It all seemed to come together in our big pool-the 
Neutral Buoyancy Laboratory. It’s the largest pool 
in the world and you can fit an entire Space Shuttle 


inside it, or even a Hubble Space Telescope in there, 


to work on as wellas an International Space 
Station. You can practice what you're going to doin 
space in the water. You're floating ina water 
column like you'd be floating in space. 

For me, those were the big events. Itwasa 
wonderful experience training fora spacewalk. 


WEtsslealiavedr-lare ie: 
cel i Ce) arekoiaqe)arclels 
AV/ Ket a= [2] mererere| 
(left) refurbish 
Tale Mel ojele-lels) 
miele)e)(-em DU alae) 
1a arom=y(e] aid alelel a 
repair they 
improve the : 
space telescope’s = 
spectrograph 


_—_ Pee a : 






> 


—— 
é r fp 
Ops 


Could you describe what it was like to flyin 
the Space Shuttle? 

During the launch, you're lying on your back fora 
few hours, getting ready to go and then the Space 
Shuttle wakes up. It felt like itwas alive when! 
NKofo)KccYo R= im imaceyechuelcxeleltss(olsmim (ele)\cao Wel cak- Melee 
(ole heXerm bets) (o(cx-valemyOvRaelebalmelenisee-veleunelsvenieats 
Shuttle] gets active at six seconds left. The main 


‘I dont like 

heights, I dont like 
going fast. Im more 
chat an  ICOUE a 
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Mike Massimino is now a professor of mechanical engineering at Columbia University in New York City 





engines start and you feel it lurch forward and 
then it comes backat zero. And at zero, the solid 
rockets light and then you start moving at 100 miles 
[161 kilometres] per hour. We got to 117,000 miles 
[188,293 kilometres] per hour in eight anda half 
minutes so it was a huge amount ofacceleration 
that took place. When we launched, I had this 
sensation, part of the way up, that I was 
leaving the planet-for the first time. I 
ATVCclsw (ere hia avem ele) eaten 


You were the first 
astronaut to use 
Twitter in space. Is 
this something 
you intended to do 
before you launched 
for space? 3 
Yes, Iwas! I didn’t know: 
anything about Twitter, it 
joferersbaateu oLejoluut-var-baelenerel 
PTolerskoy aXelere mV hyasiereeyele| 
spaceflight was around May 
* 2009. And NASA public affairs had 
this idea that they would have an 
astronaut that would startusing Twitter. It just so 
happened that my spaceflight timing was when 
they wanted to start doing this. So, NASA 
approached me with this idea that I would start 
using Twitter about a month's time before I 
launched into space. They rigged my phone up as 
wellas my computer and showed me how to doit. I 
really liked'sharing the experiences of going into 
space more than any other astronaut I know. I 
really enjoy talking about [the experience] so 
much - not just flying, butthe people I got to work 
with: the astronauts, the people who helped us to 
get ready to go, as well as the camaraderie and the 
teamwork and even the exciting things we got to 
do on the ground was just wonderful. Imagine, I 
was justa civilian academic egghead before I 
became an astronaut.1 dreamt aboutit, but I didn’t 
really know what it was like and so, to get to do | 
these things - fly high performance aircraft, train 
to do spacewalks and do simulations, get ready to 
fly in space and then actually fly in space, was so 
out ofthe ordinary for me. I liked sharing it with . 
other people because it was such a unique, , 
extraordinary experience. 


You helped fix the Hubble Space Telescope. 
What was it like to be involvedin sucha 
historic event in spaceflight? 

It was really extraordinary. Most of the flights we 
had at that time during my career were Space 
Station-related flights — Space Station assembly, 
missions on the Shuttle... and they were all great 
missions. But Hubble to me, it was the best flight to 
be on. Hubble was truly great because the 
spacewalks we did, they didn’t involve a standard 
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Massimino was 
an STS-125 
mission specialist — 


far fromit: Itinvolved 
something different— 
the altitude of Hubble 
NiV/etsy outed elcy ene levee ie lele 
miles [161 kilometres] higher 
idat-bonu labo) oy-(eche)r-1a (ee barcelenexe)! 
a different view, you-got to see more 

ofthe planet, such as the curvature of it. 
Weset records for both of my missions for 
spacewalking time. We set the record for one of my 
flights and broke that record on my second flight - 
five spacewalks in five days ina row. So it wasa 
great opportunity to work on this magnificent 
instrument. One thing that I didn’t realise on my 
first flight but did on my second, was that I wanted 
to fly to the Hubble again. The Hubble team - both 
on the ground and in space - waS a great team to be 
a part of. There’s a lot of great dedication. 











What was it like to go on a spacewalk? What 
does space actually feel like? 

When you go ona spacewalk, you're kind oflikea 
Tei b lore Mento ombelicyes(aabercantsinehustentsjer-(as] 
environment. You truly feel like aspaceman. It 


_ -wasn'tlike I was inthe spaceship with other 


people, Iwas the only guy in the spacesuit. I was 
out there in space, all by myself, with my own life 
support system there and I could look anywhere | 
wanted. I could lookandsee the planet from where 
Hubble is. Getting to see the planet and the stars on 
a spacewalk:was truly an incredible experience. 
The greatest thing someone can do is go into space. 


If you could go ona one-way trip to Mars, 
would you? 

INCOR PEL T=d ols] py AYiVolellebemmeeneyer-Mevelcrantcchyanelems Boel 
(efo)aabbetemey-lelam Kolejemmucntelcelmcr-exelelem(el=-huoneneyer-| 
one-way trip anywhere. IfI could come back, then 
yes, I would definitely go to Mars. I've been on 
Earth for too long, it’s time for me to go back into 
space. With all of these private companies [aiming 
for Mars], one ofthem has got to be successful. I'm 
no longer a NASA astronaut, so Ineed to somehow 





spacewalkersroutine-— - 





\W/Felsssi teal arom iss 
Taikelgessinctem [ame leliare) 
on a trip to Mars, 
fe) ge)vale(=em alee a) 
return to Earth! 





The Hubble Space Telescope in the cargo bay of Space 
Shuttle Atlantis after capture and lock-down 


get back into space again.Mars would be great. I'd 
really love to go. 


For anyone who wants to become an 
astronaut, do you have any advice for them? 
Yes! I think it’s a great job, ifyou're interested you 
should pursue it. Tim Peake is a great example - 
he’s a wonderful guy and he’s agreat example for 


- -young people. I thought it was [going to be] 


impossible forme to become an astronaut -I don’t 


like heights, I don’tlike going fast. 'm more ofan 


academic. But if it’ssomething WatcTMOLUB Car NIMVANNCCHOLE 
to do, you should do it. There are many paths to get 
id aXcvacMaVolo mer ben olcy-BeevluiesDavarcicime)ilelmeya-tel 
academic. I flew into space witha veterinarian, 
which is quite unusual, you might think, as well as 
an oceanographer and a geologist, astrophysicists: 
and so on. Anything you like doing - science, 
maths, computing, whatever you like doing - you 

SJ elolenloucron oy@lewavelounetcime)buns you inagood position 


_ to become an astronaut. 


Read the interview with Mike Massimino in full at 


www.howitworksdaily.com. If you’d like to find 
out more about his career and time in space, 

Massimino’s memoir, Spaceman: An Astronaut’s 
Unlikely Journey to Unlock the Secrets of the 
Universe, is out now from Crown Archetype. 
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DID YOU KNOW? The Spinosaurus's centre of gravity was pitched forward, so on land it may have travelled on all fours 


Sharp teeth 
Needle-like teeth meant 
the dinosaur could a 4 - : fe siz a 
secure slippery prey, -— A, | ii ee = / COMPARISON i 
= ; . = s= ae \ 
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| such as fish, with ease. 
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Mega monitor lizard 


ek et eortes s : Also known as Megalania, these giant goannas of 
Sail pict: eee SN: ™ eastern Australia were the largest land lizards of 
A flexible spine with a bi i aaa | > all time. They could grow to lengths of over five 
ball-and-socket joints |) > Re ae metres and weigh as much as 600 kilograms. 
enabled the in ra. | Se tA» it _ Megalania had razor-sharp teeth and claws, 
Spinosaurus to arch its ee te ; : perfect for tearing into its prey. These large 
back, perhaps to Se Be ‘a3 Flexible neck Ss = lizards compensated for their lack of speed by 
impress mates or D ipte Rae al. A long and mobile | lying in wait to ambush victims, and sought out 
intimidate rivals. Ce chee PES neck allowed the carrion using their excellent sense of smell. 

A > _ Spinosaurus to strike | 
quickly to snatch up 


- | ae - ed ! ' its prey. | | 
Colossus ee ay - 1. , Ls 
According to estimates, 3 se $i \g 3 UL) ao a . : aaa ; 
hy 


: > ~ — 
= aSpinosaurus could Seaierer sha! < 7s <— - : sah ; ff COMPARISON a : 
At Ld i a. ' . F f ee L} 





| reach lengths of over 15 ya ea 7! | 
metres - if it did have : 
‘= any predators, they i fis ——— 
| would have thought ie a bg Pl Swimming ae J | 
; twice about tackling Ps, it ges, § The Spinosaurus was adapted to oh Ee” , ae 2] 
_ such a big beast. oh = | . F asemi-aquatic life, having flat a pho -—- 
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a ~ feet with broad claws to help 






Super-sized serpent 


———— — — — — ‘ , é ‘ 
olossa | » Reaching lengths of up to 15 metres, Titanoboa 
. was one of the largest land animals on Earth 
ee following the extinction of the dinosaurs. These 
cre aCcCeous . | colossal serpents lived in the jungles of South 
fa “= America, devouring turtles and crocodiles in 
= — single mouthfuls. Titanoboa could hunt on land 


and in water, slithering or swimming up to its prey 
SPINOSAURUS ® 112-97 MYA 
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undetected, then suddenly leaping up to clamp its 
powerful jaws over the victim’s windpipe. 





Move over T rex: the spine lizard was the true king fxs 


early threestoreyshighandlongerthana  longsnoutwere better suited to snapping up 
bus, the Spinosaurus was the largest large fish. It’s thought that Spinosauruswasthe \ 
carnivorous dinosaur to walk the Earth. UUGSIMORDALO\T-LONMRORSDUVARaameseaCOMMatslmims)ol-)alm-BlOlme)i : 
The ‘spine lizard’roamed time in the water where it could snatch aquatic 
\ the coastal plains and creatures with its razor-sharp claws. There is 
| swamps of North Africa evidence to suggest Spinosaurus’ snout openings 


in the mid-Cretaceous and skull cavities were part of a pressure- 


> 
—oi x “aad ~ a 
J a ~ 
ae — 
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Terror birds 


period. Unlike the detection system, so it could sense the . 
| | | | Whyacsvevelessr-lebavtspasy.@ movements of fish even in murky waters. PHORUSRHACIDAE PB 62-2 MYA 
Spinosaurus’ teeth The giant carnivore’s defining feature was the These terrifying predators of prehistoric South 


were not serrated, 1.5-metre-high ‘sail’ on its back, formed by tall America were members of the Phorusrhacidae 
family, known as ‘terror birds’, and some could 






so they were not vertebral spines. This may have been a display to reach heights of three metres. Their main weapon 
used for tearing attract mates or intimidate rivals, help regulate was a Sharp, hooked beak that could strike 
id ebaolerdeBi(crclebB lis temperature, or possibly support a camel-like victims from above like a pickaxe. The birds’ legs = 
: ; : were also incredibly strong, and they may have se 
conical teeth, hump of stored fat that Spinosaurus could build used their feet to kill by repeatedly kicking, or E 
“Zs Y powerful jaws and up when food was plentiful. thrown their prey violently to tenderise the meat. 6 
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Sense of smell 

Water was funnelled Vice-like bite 

through the reptile’s nostrils Liopleurodon'’s large, 

so it could smell its prey powerful jaw muscles 

even in dark or murky water. , = helped it keep hold of prey 
that tried to struggle free. 


Terrifying teeth 
Liopleurodon’s needle-like 
teeth were each about ten 
centimetres long, ideal for 
piercing the flesh of prey. 


A powerful 
pliosaur 


What made Liopleurodon such a 
formidable Jurassic carnivore? 


Intimidating size 
Liopleurodon’s length is 


hard to estimate i Strong swimmer 
accurately due to £ Long, paddle-like flippers helped 
incomplete fossil records, the pliosaur push itself through 
but some pliosaurs may the water and accelerate in 


have reached 15 to 18 short bursts to ambush prey. 
metres in size. 


ail P. 
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Mighty ocean predator | 


A fierce killer with a bone-crunching bite 


Liopleurodon was among the most powerful of fish and squid, but it would occasionally seek would have been strong enough to bite a car in 
predators ever known on Earth, witha bite out much larger prey. Huge bitemarksthatwere half, ifthey had existed at the same time! 
possibly even strongerthanthatofthemightyT §foundinplesiosaur fossils suggest that they |BiCo)o) (=1eb deeleyameatsaymetchicox-l tron et-ou-mer-N(= 

rex. It belonged to a group of marine reptiles were victims of the Liopleurodon’s massive jaws, underside to help keep it camouflaged from prey 
called pliosaurs, which were large with short which were packed with sharp teeth. Scientists below, allowing it to make ambush attacks 
necks. Liopleurodon’s diet primarily consisted even estimate that these colossal carnivores despite its enormous size. 
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DID YOU KNOW? Megalodon teeth were once believed to be petrified dragon tongues that had broken off when the dragon died 
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Giant sea scorpion 


Over 200 million years before the first dinosaurs 
emerged, this nightmarish Pentecopterus was an 
important Palaeozoic predator. These arthropods 
grew to lengths of around 1.8 metres, and used 
their large limbs to grab prey. Young lived on the 
seabed while adults mainly resided in shallow 
waters to avoid larger predators. These super- 


sized scorpions also had hairs that helpedthemto §& 


sense the movement of their prey. 


King-sized croc 


Lurking in Cretaceous seas, Machimosaurus was 
a colossal crocodile at nearly ten metres long, 
almost twice the size of its biggest modern 
relatives. Its teeth were best suited for crushing 
shells and crunching bones rather than slicing 
through flesh. Machimosaurus’ main tactic was to 
hide in shallow water and, without warning, clamp 
its mouth shut on a turtle or fish. Once its prey 
was caught in the jaws, there would be no escape. 


ve 
B 
1 


Apex ocean reptile 


The massive Mosasaurus was a giant aquatic 
lizard and dominant predator in Cretaceous-era 
oceans. Some grew to 15 metres or more, and had 
long, powerful tails to propel themselves through 
water. They preyed on reptiles, fish, sharks and 
shellfish, snapping their tough shells with its 
powerful jaws. As an air-breather, Mosasaurus 
was unable to dive for prolonged periods, so it 
was limited to hunting near the ocean surface. 
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Shielding 

Thick blubber may 
have offered Livyatan 
some protection from 
Megalodon bites. 


vs Li 


= - aS . 


WA 


Size isn’t 
everything 
Livyatan was slightly 
smaller than 
Megalodon, but it was 
still a formidable foe 
with gigantic jaws full 
of huge teeth. 


Megalodon’s jaws could 
have easily crushed a 
whale’s skull, with a bite 
force of over 182,200 
Newtons, ten times that 
of a great white shark. 


A real-life 
leviathan 


-LIVYATAN ® 13-12 MYA 


Akiller sperm whale with 
one of history's biggest bites 


Hebrew for ‘leviathan’, Livyatan was roughly the 
Same size as a modern sperm whale, but it wasa 


_ much more formidable hunter. The 50-ton beasts 
%, probably competed with Megalodon for food, 


\ preying on smaller whales, cetaceans like 
ae . dolphins, and large fish. Livyatan 
} teeth are possibly the largest of any animal 
at over 30 centimetres long, and its bite force 
could rival that of the Megalodon. 


COMPARISON — 


Megalodon 
vyatan 


Who would emerge victorious 
between the two prehistoric goliaths? 


Powerful 
muscles 

A strong, 
streamlined body 
helped Megalodon 
ambush its prey. 


Similarities 
' From fossils, 


Livyatan seems to 


be anatomically 


similar to modern 
| sperm whales, so 


may have used 
echolocation to 
find aDiey: 


Cold-blooded killer 


Megalodon could only 
survive in warm waters and 
would have struggled with 
a drop in temperature. 


Super-sized 
shark 


MEGALODON ® 28-1.6 MYA 


Meet the colossal sharks that 
_ dwarted great whites 


: These gigantic 75-ton sharks were so big that they 
: could hunt whales with ease. Up to 20 metres long 
: and equipped with a mouth full of teeth as large 

: asa human hand, these mega-sharks made short 
: work of dolphins, whales, seals, squid and other 

: sharks. When faced witha turtle shell, they 
snapped it in two. Itis estimated that Megalodon 

: had one of the strongest bite forces of any animal 

: that’s ever lived, capable of crushing a small car. 
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Sky giants 


The huge aerial predators that 
brought death from above 


Deadly impact 
Gathering momentum on 
a swoop, a 13-kilogram 
eagle could take down 
prey even bigger than 
itself, such as a moa. 


Talons | 
These eagles would use 
one foot to secure prey i 
while the other crushed 
the neck or head. 













Haast’s eagles were 
eventually driven to 

extinction as they 
competed with humans 
for moas, their 
preferred prey 


Plane-sized pterosaur __ 


Quetzalcoatlus was the largest-known species of pterosaur, the 
group of flying reptiles that lived alongside dinosaurs. With a 
wingspan of ten metres or more, it was roughly the size of a small 
jet plane. Its toothless beak suggests that it hunted small prey that 
didn’t require chewing, such as baby dinosaurs, and possibly also 
scavenged for carrion. Quetzalcoatlus is also thought to have 
roamed on land, because it had small, cushioned feet that were 
suited to moving over firm terrain. If this is true, it may have hunted 
like a modern-day stork, snatching small prey up in its beak. 


Sharp beak 

Using its pointed beak, 
Quetzalcoatlus could snap 
up small dinosaurs. 


Wing tips 
Quetzalcoatlus’ wings stretched 
from its elongated fourth 

fingers to the top of its legs. 
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Dive bomb 
Haast’s eagles could 
strike from above at an 
estimated speed of 80 
kilometres per hour. 


Jumbo raptor 


With talons the size of tigers’ claws, these 
monstrous eagles preyed on helpless herbivores of 
New Zealand’s South Island. Swooping at speeds of 
up to 80 kilometres per hour, they could knock 
victims off their feet with the sheer force of impact. 
Their favourite prey were giant flightless birds called 
moas, which could weigh up to 250 kilograms. 
Compared to the size of its body, Haast’s eagles’ 
three-metre wingspan was relatively short. This 
meant that they would have killed moas on the 
ground rather than carry them away. Their terrifying, 
razor-sharp talons could quickly incapacitate victims 
by delivering crushing blows to their head or neck. 











Land and air 
Quetzalcoatlus’ wide wings 
helped it to soar, while its 
compact feet helped it move 
quickly across the ground. 
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One of the largest dinosaurs discovered so far is an as-yet-unnamed, 37Mm-long, 7o-ton Titanosaur 





Gliding bird 


Argentavis’ long wings 


Biggest bird 





enabled it to glide on wind 
currents and updrafts. 


Dwarfing even the Haast’s eagle, Argentavis is one 
of the largest birds to have ever lived. Its seven- 
metre wingspan meant it was suited to gliding rather 
than flapping, and it used air currents to stay aloft. 
Argentavis’ massive size made it impossible to 
perform a running take-off, so it relied on height to 
get airborne, taking advantage of slopes and 
headwinds like a hang-glider pilot. The so-called 
‘monster bird’ could use its sharp talons and hooked 
beak to attack its prey, soaring over vast areas of 
land in search of victims. Argentavis may have 
also scavenged, its intimidating size driving 
other hunters away from a kill, in order 
to help itself to the carcass. 


The Meganeura’s 75 


was larger than tha = Wu aarele] ey (= 


Gigantic fly 
'MEGANEURA P 300 MYA — 


One of the biggest insects to ever 
exist, the Meganeura was a 
aatcvanlelci@rolimual-Meldiaulalil(qssrmaalconn| 
Fe] @oMod (ok=X=) NV a=) fo] Ko1e KOM | @-le le) aval (atom 
This prehistoric insect benefited 
1ige)aam-Mal(elal=)am el=)qexc)nit-le(ome) i 
oxygen in the atmosphere in the 
fexela (elem iamuual(oramian|hYic\e mm malls 

F) Io V(cle Mi mune me! ae) Vm kom-lalemaat-liale-lia 
its huge size. It used its large eyes 
Ko) 00) 0) ¢=\Van-10 (610-1) 9 aT] 
amphibians and other insects, 
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Argentavis 


Quetzalcoatlus 
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Achieving flight 
To get airborne the bird 
would run down slopes 
and leap into the air. 


Scavenger 
Argentavis’ imposing size meant 


wat it could scare away other 
, predators from their own kills. 


Why were 
prehistoric 
animals so big? 


It had previously been accepted that prehistoric 
animal size was a result of Cope’s Rule. Named after 
American palaeontologist Edward Drinker Cope, the 
theory suggested that dinosaur gigantism was down 
to the notion that animals naturally evolve to be 
bigger. When mass extinctions occur, new smaller 
animals replace the larger extinct ones, and the 
process begins anew. As it has ‘only’ been 66 million 
years since the Cretaceous mass extinction, and 
12,000 years since the last ice age, animals on Earth 
are now smaller because they haven’t yet had 
enough time to evolve to reach such large sizes 
once again. 

Another theory suggested that environmental 
factors, such as higher oxygen levels and warmer 
temperatures, could have played a significant role in 
gigantism. Cold-blooded reptiles benefited from the 
toasty climate as it allowed for efficient digestion, 
circulation and respiration, as well as an abundance 
of vegetation to consume. 

More recent research and fossil discoveries have 
cast doubt on both these theories, though. Some 
creatures seemed to evolve to be smaller rather than 
larger over time, and many different-sized animals 
existed at the time. One explanation for why 
dinosaurs in particular were typically large is 
because they where physiologically similar to birds. 
Their bones had air pockets in them, making even 
large species relatively light, so they wouldn’t 
collapse under the weight of their own bodies. 

Not all of the biggest beasts were prehistoric, 
though. In fact, the heaviest animal ever to exist on 
planet Earth is still alive today: the blue whale. 
Marine animals can grow to epic proportions 
because the buoyancy from water helps to balance 
the force due to gravity. This supports their 
considerable masses, and allows for far larger body 
sizes than on land. 
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WWII gas masks 


The headgear produced en masse to 
protect Britons during the Blitz 


t the beginning of World War II 

there was a huge gas panic in 

Britain. After witnessing the 
horrors ofmustard gasonthe Western ow did the mask prevent the 
Front during World War I, the British wearer from being poisoned? 
Government was worried that chemical 
warfare could be unleashed on its 
citizens. In response, 38 million gas 
masks were handed out. 










Colour 
Adult masks were black but 
young children’s ‘Mickey 
Mouse’ masks were coloured 
red and blue to encourage 
kids to wear them. 





Full coverage 


Mustard gas damaged the 
Covering the entire face, they blocked — eyes and exposed skin, so the 
the intake of harmful substances by rubber mask covered the 


whole face to shield as much 


filtering the air before it entered the ie eaee peeble 


mouth. To prepare for air raids, mock 

attacks were carried out in the streets. 

Hand rattles were sounded to signal that 

‘gas’ was incoming and bells were rung 

when it was safe to take off your mask. 

Despite these preparations, not asingle Tin canister 

poison gas bomb was dropped on Covering the mouth, the filter 


Britain during the entire war. allowed the user to breathe 
aoe while preventing dangerous 


gases from entering. 





Respirator 
The filters of many civilian gas 
masks actually contained 
asbestos, which was later 


discovered to be harmful. 
Special full-body masks 


were made in order to 
protect babies 





The fog was so thick in 
some areas of London at 
night that residents 
couldn’t see their feet 
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Canadian fighter ace, William George Barker, 
received the Victoria Cross for his heroics 


Climb inside the cockpit of an 
iconic dogfighter, 100 years 
since its first flight 


he Sopwith Camel was one of the best 

fighter planes of World War I.A prototype 

single-seat aircraft first flew in December 
1916, and was constructed with the aim of 
replacing its aging predecessors in the Royal 
Flying Corps (RFC). Prior to the Camel, German 
Fokker and Albatros aircraft had dominated the 
skies over the Western Front. After the disastrous 
‘Bloody April’ of1917, when the RFC suffered 
devastatingly high losses, anew weapon was 
badly needed. 

The new aircraft was an upgrade on both the 
Sopwith Pup and Sopwith Triplane. The fighter 
was notoriously tricky to handle, but its mobility 
helped it evade and then strike down its German 
rivals during dogfights. Its twin machine guns 
tore through enemy fuselages, blasting them out 
of the air. In response, the Germans put the 
Fokker Dr.I Triplane into production. While 
technologically superior, it simply couldn't cope 
with the sheer number of Camel squadrons that 
were in service above Western Europe. Along 
with the French SPAD S.XIII, the Camel helped 
turn the tide of the war in the air. The design was 
so popular that it was also flown by US, Belgian 
and Greek squadrons. 

The aircraft soldiered on until the latter days of 
the war and, although it was slowly superseded 
by more advanced aircraft, it still held its own. 
Camels downed more enemy planes than any 
other fighter during the war and it holds the same 
iconic status as the Spitfire of World War II. 
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Inside a 
WWI biplane 


The weapons and technology 
that made the Sopwith 
Camel a formidable fighter 






Twin machine guns 
Two belt-fed machine guns 
were installed at the front. It 
was the first RFC aircraft to 
have this as standard. 


Hump 
The iconic hump enclosed the 
weapon breeches, and it was 
this part of the design that 

| gave the Camel its name. 


Engine 

The cylinders 
within the 
engine rotated 
while the 
crankshaft 
remained still. 
This resulted in 
a gyroscopic 
effect that 
made the 
Camel difficult 
to control. 






= a 


Gun flashes 
.. The Camel wasn’t the 
‘best night fighter as 

muzzle flashes from 
\ gunfire hindered the 
| pilot’s night vision. 











Top speed 
The Clerget rotary 
engine gave the 
Camel a top speed of 
185km/h, despite 


Propeller arc 
The bullets were if 
fired through the 


propeller using a q having a much 
synchronisation heavier fuselage than 
gear that stopped its predecessors. 

the rounds from 

striking the blades. 


For more on this iconic biplane, Fe" = 
Sopwith Camel: Owners’ CAMEL 
Workshop Manual from Haynes R35)? 
Publishing has 160 pages of 
rare photography of the 
Sopwith Camel from WWI. The 
winner of Letter of the Month 
next issue will receive a copy; 
head to page 96 for details! 


Landing gear 

Large wheels allowed the 
biplane to land safely as it 
descended at high speed. 
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Bomb release 
Some Camels carried a payload of four 11kg 
bombs, which were dropped using a 


release toggle activated by the pilot. The engine’s rotary 


mechanism made the 
Camel poor at turning 
left but twice as fast as 
any other fighter when 
turning right 


The Sopwith Camel 
In numbers 


The key stats of the aircraft’s 
17 months of service 


90% 


of the aircraft’s weight 
was in the front two 
metres of the fuselage 


16 


10 minutes Average number of 


Frame Time taken to climb German planes shot 
The Camel was fitted 3,000 metres down per month 
with wire bracing that 


gave its structure the 
strength to climb to > Sh rs 
heights of 6,000m. 1 | C 


Total kills by Camel pilots Range on a full tank 


Fuselage 
The majority of the aircraft 


was wooden. Aluminium 
cowling protected the engine 
and fabric covered the 
airplane’s body. 





William George Barker’s 
total aerial victories 





5,490 


Number of Camels made 





The Camel’s tricky 
handling meant that 
many trainees fatally 
crashed the aircraft 
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Ming vases 


Intricately decorated with an 
array of designs, Ming vases | 
were the pride of the dynasty 


salen oysrclolasieua@altelasneciesheslles 
that embodied an empire 


Ming vase is one of the most iconic examples 

of pottery ever created. Popularised during 

the Chinese dynasty of the same name, this 
[NavAcloueleycaclt-been=eslolelet(couselsyeyaesjeleinaeanels 
276-year-long era (1368-1644). The industry’s epicentre 
was in the city of Jingdezhen in southeast China. This 
area was ideal for porcelain manufacture as it was 
rich in kaolin clay and petuntse rock. The petuntse 
was ground down into a powder and added to the clay 
to create porcelain, which was then sculpted into a 
vase shape. It was then baked ina kiln at 
temperatures of 1,450 degrees Celsius. With the vase 
now fully formed, it was decorated. The preferred 
style in the Ming dynasty was to paint dragons or 
floral patterns directly onto the ceramicsin 
cobalt blue or copper red. A glaze was 


applied and then, in some cases, 
further designs were added on top, 
known asan overglaze. 


The vases were mass-produced by 


the Ming government, who 
established a Bureau of Design to 
ensure all porcelain ceramics were 
made to a high standard. The iconic 
blue-and-white designs were 
haba le(svelecrod enanelesispeceeonuels 
ESE Vea bCeant(oyelo omnis eblelewet-lemellenren ates 
Veta on @ebbetsE-immetcnanestcn 

Ming vases were exported around 
the world as trade with Europe and 
the Middle East boomed. By the 16th 
century, Chinese potters were 
JevaerelblerbatemoleyceclebeeksjorcrenselecHUhvaceye 
international export, complete with 
designs such as coats of arms or 
scenes from battles, in order to suit 
their customers’ preferences. 


The Forbidden City in 
Beijing was constructed in 
1420 and served as the 
home of the imperial family 
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_ “ The Ming dynasty 
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_ After almost a century of foreign rule, the 
(Oral iaretsrom ii aesoia (ale exe)aldge) Me)mdarcl/ am ave)aatzit-lale 
oy- (or .@agelanmdarom iv (olalele) Miami Rcloromm\Y late Meh dal-so1aVg 
Oia} iat-mol-\or-lan(=w-M nat-)(e)axerslaleame)manlilit-lava elec) e 
xoxo) alolan|(om 8) aess) el=) ai a’ar-lalemerelidele-|m(e(>)nlui aA mal> 
ceramics trade became big business as Chinese 
artists learnt new ways of working from the 
inatcla\vaaals)qeval-] al ecm aremte-\Vicli (cere) ar-lalemuu(e(= 
across the region. The dynasty based its 
hierarchy on the best-educated people in 
(Ol aliarsssx-mcveled 1m’ AM Malem lik) e-1d Mm aaleme(e)gallar-lacve| 
state affairs. Along with pottery, many other 
(ola sto UhV.ow-] a ecm ele] aisiarsve mel lalate munlicm el=)alelep 
Takei [Urol ave me) el=)e-Pmele-laat-m-laremlincle-1a0lace 
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“Vases were 
exported around 
the world as 
trade boomed" 





The Great Wall of China was significantly extended 
during the Ming Dynasty 
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History like you've 
never seen it before 








BUY YOUR COPY TODAY 


Print edition available at www.imagineshop.co.uk 
Digital edition available at www.greatdigitalmags.com 


be on the following platforms 


aneye |= 
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MEET THE 
EXPERTS 


Who's answering your 
questions this month? 














Laura studied 

| biomedical science 

| at King’s College 

| London and hasa 
master’s from 
Cambridge. She 
escaped the lab to pursue a career 
in science communication and also 
develops educational video games. 


Alexandra Cheung 


Having earned 
degrees from the 
University of 
Nottingham and 
Imperial College 
London, Alex has 
worked at many prestigious 
institutions, including CERN, 
London’s Science Museum and the 
Institute of Physics. 


Tom Lean 


) Tom isa historian of 

_ science at the British 

Library where he 

». Works on oral history 

projects. He recently 
published his first 

book, Electronic Dreams: How 

1980s Britain Learned To Love The 

Home Computer. 


| Shanna describes 
herself as somebody 
who knows a little 
bit about a lot of 
different things. 
That’s what comes 
of writing about 
everything from space travel to 
how cheese is made. She finds 
that her job comes in very handy 
for taking part in quizzes! 


Having been a writer 

and editor fora 

number of years, 

_” Howlt Works 

a aA alumnus Jo has 

' picked up plenty of 
fascinating facts. 

She is particularly interested in 

natural world wonders, 

innovations in technology and 

adorable animals. 


Laura M 
















084. | How It Works 


Want answers? 


Send your questions to... 
@ How It Works magazine © @HowltWorksmag 


») howitworks@imagine-publishing.co.uk 








Kieran MacLean 

The tiny proportions of BMX bikes make them lighter 
and more manoeuvrable when it comes to sprinting, 
doing stunts and negotiating jumps. BMX cycling 
involves a combination of racing and jumping, so riders 
needa bike that is lightweight and agile but also tough 
enough to withstand landing repeatedly from jumps. 
The small size of the bikes also allows BMX riders to 
swing the bike around 360 degrees or perform 
backflips, with the low seat position providing extra 


Why ts the weather 
forecast so often wrong? 


Katie Bryce 

Weather forecasting is based on observations 
of Earth’s atmosphere, the planet’s surface and 
the oceans. Every day, the UK’s Met Office takes 
over 500,000 measurements from around the 
world at various altitudes. Supercomputers use 
these to make models of what the atmosphere is 
currently doing, and predict what it might do 
next, but it’s not an exact science. Improvements 


in tech mean that the four-day forecasts produced ) x 


today are as accurate as the one-day forecasts of 
30 years ago. And temperature predictions for the 
next day are right to within two degrees Celsius 
87 per cent of the time. LM 


Why are BMX bikes so small? 






BMX cycling started 
in the 1970s, and 
became an Olympic 
J ole) man 401 Ok) 






clearance. High-end bikes are often made of chrome, 
providing maximum strength for minimum weight. 
BMX bikes typically have 51-centimetre wheels, 
enabling them to accelerate rapidly; when approaching 
jumps, riders often need to pick up speeds of up to 60 
kilometres per hour in just a few seconds. Finally, the 
rider’s hunched position over a BMX’s small frame 
allows them to absorb shocks and rapidly shift their 
bodyweight and centre of gravity to perfect gravity- 
defying stunts. AC 
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Weather predictions are made using vast quantities 
of data from across the world 
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Some scientists believe 
_ that our Milky Way galaxy 
has already died ~ 





A WORLD OF 
INFORMATION 


IMPERIAL 
DEATH STAR 8 


Owner's Workshop Manual 


Can a galaxy die? 


Jules Barnes’ .. higher amounts of metals than live galaxies. Stars 
™ Not exactly. Whena eee is still faring Stars,’ are mostly hydrogen’ and helium, and form these 
we might think ofit as being ‘alive’. Some galaxies. metals through fusion. In the strangulation theory, 
are no longer capable of star formation, and are as the gas supply slowly decreases, even heavier. » 
"called ‘dead’. We have come up'withtwotheoriesas metals form. The other theory i is that the gasis: — 
iKoniWeniadevtswetclejeloekwm-)inelce strangulation ora. suddenly pulled jaceeembats galaxy, pogsibly. paveh.. 
sudden removal of gas. Dead galaxies have much gravity from a nearby galaxy. SF , 





~_., Can loud noises give 
you a headache? 


James O’Neill 


~~ 2 


Noise has been shown to cause 
headaches. Research indicates that listening 
to loud music for a few hours a day is a good 
way to give yourself a sore head. For some, 
loud noises can cause headaches even if 
they don’t usually get them. Noise is also a 
possible trigger for sufferers of migraines or 
tension headaches. However, we're not 
entirely sure why loud noises are a trigger. It 
might be that they cause blood vessels in the 
face to dilate in people who are sensitive to 
Loud noises are a it. Noise-induced headache sufferers could 
i |e ere also have problems in the ear canal or in the 

way that their brains suppress sound. SF 





Why are circuit boards ¥ 
usually green? 


Katie Rees 

No one seems entirely sure why circuit 
boards are usually green, but there are lots 
of theories. Some claim it’s because the 
materials they are made out ofare naturally 
greenish. However, the plastics used in 
early circuit boards were actually an ugly 
brown, and may have been coloured green 
to make them more appealing. Others 
suggest green was a military requirement, 
because components are easy to see ona 
green background. Although circuit boards 
are sometimes made in other colours, it : 
seemsitbecameindustrystandard practice <= —= : ots” Most circuit boards are 
for them to be green, and the tradition : a oS 2» Ors a ,.” rates ie he eae 
continues to this day. TL aN 3 
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WAITING TO BE 
DISCOVERED 
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What's the difference between 
cocoa and cacao? 





Selina Mahew nibs, which can be ground into cacao powder. Cacao 
Both come from the same source, cacao beans, nibs can also be roasted at high temperatures and 
which are the seeds of the Theobroma cacao tree. But ground into a liquid called cocoa mass. This is 
they differ in the way they are processed. Once the compressed to extract cocoa butter and then either 
beans have been harvested, they're lefttofermentina pulverised into cocoa powder or used with the cocoa 
low heat. This causes cacao butter, the white fatty butter to make chocolate bars. Roasting cacao brings 
substance coating the beans, to melt away. The beans out the sweetness and characteristic chocolate flavour 
are dried and the shells removed, leaving raw cacao of cocoa, but it can also reduce its nutritional value. JS 


a . The universe is thought 
What 1S dete L : sco avey(ome)iii(e)atcme) mats) au ale 
like planets capable of 

Fermi paradox? ie saat 


- 


Alan Devlin 
™ The Fermi paradox is isa Sica 

posed by physicist Enrico Fermi. , 

odds are that ourvast iniweeaen ead 
contains billions of Earth-like planets) 
iderclmeeloucel support life. Many are far ‘* 
older than Earth, and should have * 
allowed advanced civilisations to. 
emerge with incredible technology, il 
including interstellar traveland ~» 
communications. Statistically,-we =| 
should have already made contact 
with advanced alien civilisations, but - 
we haven't. Fermi’s question was:: ; 
“Where is everybody?” Space 

scientists have spent decades . 

debating this without coming up with 

a definitive answer. Maybe interstellar 
travel is impossibly difficult, or 

perhaps the aliens have deliberately 
decided not to make contact with us. 

Or maybe we are simply alone in the 
universe! TL 
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— Ez. . The sugar used to make 
How does adding Bh ele a ae the 
salt and sugar water content of the frui 
iW at= Wil ecim cere) t-[e(-Me) m-l-10) [- to food help to 
tornado was filmed back in | preserve it? 





2012 by NASA's Solar 
Dynamics Observatory 


Ben Golmund 
We've used salt and sugar to preserve 

foods since ancient times. Without this 

ingenious idea we wouldn't have jam, 

_ bacon or other cured meats. Most 

- commonly, it works using a process 

called osmosis. To balance out its own 

salt or sugar content with that ofthe 

food, the added salt or sugar draws out 

: water molecules from the food’s cells 

® andinsertsits own molecules instead. 

This reduces the overall water content 

of the food, making it more difficult for 

microbes such as bacteria to grow. JS 





What are solar tornadoes? 


Jason O'Sullivan 
Solar tornadoes are rotating swirls of magnetised plasma, which occur 
just above the Sun’s surface. These gigantic twisters can reach speeds 
of up to 300,000 kilometres per hour, with temperatures of around 2.8 
million degrees Celsius. Plasma is a state of matter that occurs only under 
extremely high pressure and temperature conditions, breaking down 
atoms into a soup of charged ions. Above the Sun’s surface, the star’s 
powerful magnetic field sets plasma into motion, leading to spectacular 
plumes up to 3,000 metres high. These tornadoes are often formed before 
events known as coronal mass ejections — huge eruptions of hot, charged 
particles that are flung out of the Sun’s surface. AC 


Can you get hives 
from stress? 


Sheryl Richards 

Hives is a type of skin rash that is also known 
as nettle rash, weals, welts or urticaria. Itis red, 
raised and itchy, and usually triggered by 
chemical messengers, like histamine. These 
signals are released in the skin in response to 
irritants and allergens, and work to increase the 
blood flow to the area. They make the blood 
vessels leaky, helping the immune system to get 
in and clear out whatever is causing the 
irritation. However, not all cases of hives have an 
obvious cause, and emotional stress can 
sometimes be a trigger. Alcohol, caffeine and 
warm temperatures can also make the skin react 
in this way. LM 















What was the last 
comet to hit Earth? 


Jordan Sykes 

It’s rare for comets and asteroids to hit 
Earth intact, but small pieces of debris 
sometimes fall to the ground as meteorites, 
or burn up in the atmosphere as meteors; 
the Perseid meteor shower visible each 
summer is caused by the passage of the 
Comet Swift-Tuttle. Asteroids are mostly 
rock and very occasionally hit Earth, such 
as the impact in Chelyabinsk in 2013, but 
comet hits are incredibly rare. As comets 
are mostly ice and dust, there is little left to 
show where comet hits happened in the 
past. However, scientists have recently 
It’s incredibly rare for a comet found evidence that a comet may have 
tonit Earth, and scientists are exploded over the Sahara desert some 28 
unsure when it’s happened 

million years ago. TL 


Hives are most 


often the result of a 
SS reaction to allergens 


(oval aalecl ales 


What was the first country 
in the world to have a 
democratic election? 


Ben Pinter 

The word democracy, meaning ‘rule by the people’, 
originated in Ancient Athens, but women and slaves could not 
vote. There’s evidence that democratic societies existed in 
India prior to the Athenians. Some would argue that the first 
true national democratic election was in Finland in 1906, 
when citizens of both genders could vote and hold positions 
in government. Women could vote in some countries prior to 
this, but not hold office. Many countries still prohibit certain 
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groups of citizens from voting, like incarcerated criminals. SF aS & 2 x 
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Have scientists discovered 
how dinosaurs evolved? 


Nick Lyes 

Life started in water, and it wasn’t until the Devonian Period (410-360 
million years ago) that animals started to make first steps on to the land. 
These early pioneers were likely lobe-finned fish, which developed limb 
bones in their fins. During the Carboniferous Period (360-290 million 
years ago), reptiles split off from amphibians, and both evolved down 
separate branches of the evolutionary tree. During the Permian Period 
(290-250 million years ago), the land was dominated by therapsids, the 
ancestors of mammals, but a mass-extinction event killed most of them 
off. This cleared the way for the dinosaurs to rise to dominance, and 
during the Triassic Period (250-210 million years ago), their immediate 
ancestors, the archosaurs, finally emerged. This lineage split in two to 
form dinosaurs (and later birds), and crocodiles and alligators. LM 


—* tr * im oe 


Squirrels and rats 
are linked by their 
teeth, which are 
specially designed 
Kee) atch Kelele| 





How are squirrels 
related to rats? 


Leanne Groves 

They are both rodents, and all rodents have 
one thing in common: their teeth. The pair of 
sharp incisors on each jaw grows continuously, 
wearing away as the animal eats. The front ofthe 
incisors has an enamel covering, but the back 
doesn't, so it wears away quicker. This helps to 
maintain the teeth’s chisel-like shape. However, 
that’s where the similarity ends, as squirrels and 
rats belong to different rodent families. JS 
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Does it make a difference if I 
listen to the ‘left’ and ‘right’ 
headphones in the wrong ears? 


Bernard Thrump 

It all depends on what you're listening to. Ifa recording has true left and 
right stereo channels, you'll probably notice a difference. With music, you may 
not get the intended experience because the instruments and voices won't be 
coming through as designed. Watch a movie with your earphones switched 
and it'll really stand out - you might hear a voice coming from the left, butseea 
person entering the scene from the right. Ifyou’re using a headset when 
playing a first-person shooter video game, you'll get frustrated because the 
enemy will come from one side and you'll think they're coming from the other. 
Some research indicates that we don’t hear the same in both of our ears, so 
that may make a difference too. Most of the time, though, you probably 
wouldn't notice ifyou switched your headphones. SF 


Wearing your 

earphones on or in the 
correct ears can make 
a difference 


( 





How do sponges hold so much water? 


Cosmo McClellan 

The sponge you have on your kitchen sink is likely to 
be man-made, but it isa copy ofa sea creature of the 
same name. These living sponges are also filled with 
tiny holes, and their strange anatomy holds some clues 
about how our man-made sponges manage to cling on 
to so much liquid. The fibres inside a sponge are made 
from a substance called spongin, which swells in 
contact with water. This blocks off the holes, preventing 
the liquid from escaping. Manmade sponges simulate 
this, using cellulose, hemp and other absorbent fibres 
to hold on to the water until the sponge is squeezed. LM 
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water until it is squeezed 























WWW.HOWITWORKSDAILY.COM 


mE ih . 
J i i ¥\ y 
. 7 Greenhouse gases create warm 


~ 


What temperature would the Earth 
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be without greenhouse gases? 


Chris Sawyer 

Without greenhouse gases, our planet’s 
temperature would hover around a chilly -18 
degrees Celsius. Instead, we enjoy a global 


average of around 15 degrees Celsius thanks to 


greenhouse gases in the atmosphere 
including water vapour, carbon dioxide, 
methane and ozone. As sunlight beats down 
on the Earth’s surface, land and oceans heat 


How does jewellery 
cleaner work? 


Flora Bolland 

™ Most jewellery cleaners use similar 
solvents to those found in household 
detergents, such asammonia, to dissolve 
grease and lift oil and dirt from gemstones 


up and release energy as infrared radiation. 
Greenhouse gases absorb some of this 
neveccbacreme-loetelaleyemmulcdasensercaevenuel= 
atmosphere. Without these gases, infrared 
radiation would escape into space, leading to 
colder temperatures. However, increasing 
quantities of greenhouse gases, released into 
the atmosphere through human activity, are 
increasing global average temperatures. AC 





BRAIN DUMP 


What exactly is 
Chaos Theory? 


Jason Thompson 

™ Chaos theory is a branch of mathematics 
that deals with non-linear, complex 
phenomena. Some examples of these 
complex systems include weather patterns, 
evolution and the behaviour of animals. 
Scientists once believed that everything in 
the universe had a cause and an effect, and 
that everything occurred according to 
unchangeable laws. Now we know that it’s 
impossible to predict the outcome of 
complex systems because of constant 
change and interactions. The ‘butterfly 
effect’ is one principle of chaos theory, and 
it’s often used to help explain the concept. It 
states that a tiny action, such as the flapping 
ofa butterfly’s wings, can ultimately lead to 
a large event, like a hurricane, on the other 
side of the world. Fractal mathematics 
visually shows how chaotic, complex 
systems can have self-similarity - the 
whole has the same shape as the parts, and 
the pattern repeats infinitely. SF 





and metals. Silver cleaners work a little 
differently. Silver appears tarnished when 
a thin layer on the surface combines with 
sulphur to make silver sulphide, which is 
black. Silver sulphide can be converted 
back to silver using a solution that contains 
aluminium ions; the sulphur transfers from 
the silver to the aluminium, restoring your 





silver jewellery to its former glory. Another a 
method is ultrasonic cleaning, which uses o ts 
high-frequency sound waves to create tiny Ay , 
bubbles ina liquid. As these bubbles burst yy, 4 


they generate heat and pressure, knocking 


| dirt offthe jewellery. AC F 
— is 


Fractals are found everywhere in nature, such as in 
this Romanesco broccoli 


Even if one train is 
delayed by a few 
seconds, it can throw 
the whole schedule 
into chaos 


Why are trains so 
often delayed? 


Liam Grantham 

™ There are many reasons, but the most common cause is usuallya 
knock-on effect from another delay. In an effort to accommodate as many 
passengers as possible, train timetabling is often quite tight, leaving little 
room for error ifsomething goes wrong on the line. The cause of the 
initial delay though, is most likely to be a problem with the railway 
infrastructure. Trains, tracks, signals, tunnels and overhead lines can all 
become worn out or malfunction unexpectedly, and the engineering 
work needed to fix them often causes yet more disruption. JS 
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Big History 


Anincredible journey 
from the Big Bang to now 


Author: Dorling Kindersley 
Publisher: Dorling Kindersley 
Price: £25 / $50 

Release date: Out now 


ow often do you consider that every 

atom in your body - and every atom 

around you - was formed inside a dying 
star? Big History lives up to its title within the 
first few pages as it opens with this question, 
and it really is a big question. How often do we 
think about how the Earth was formed? Or how 
the plants and animals diverged into males and 
females? Or even how many other possible 
outcomes an event like the Big Bang actually 
could have had? 

As you might expect, the book doesn’t shy 
away from questions like these, revelling in 
the knowledge it shares. It literally starts at the 
beginning of the universe, exploring the Big 
Bang, what may have caused it, and possible 
explanations of how our cosmos came to be. 
From here it weaves its way through to the 
modern day, covering all kinds of topics, from 
ancient hunting tools to the information that 
can be gained from studying pollen grains. 

Big History is illustrated with stunning 
imagery, which appears simple at first but 
reveals a hidden complexity when you look 
closer. The ‘Story of Life’ pages are a wonderful 
example, stuffing four billion years into a 
line that snakes across a single spread and 
still explaining — in detail - facts like when 
mitochondria first formed, and why it was such 
an important development. 

Where there aren’t graphical representations 
explaining a subject, you'll instead find pages 
draped in beautiful photography. Whether 
it’s a shot of an ancient device made of copper 
and gold to help Bronze Age people document 
astronomy, or a stunning macro photo ofan 
animated peacock spider during a courtship 
display, these images illustrate and introduce 
each topic brilliantly. 

Yes, it’s expensive, but Big History is well- 
edited, packed full of information, and - 
importantly - encourages you to ask questions. 
The best part of all is that this book almost 
always has the answer. 
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Bring Back The 
King: The Science 
Of De-extinction 


Could we make a real-life 
Jurassic Park? 


Author: Helen Pilcher 

Publisher: Bloomsbury 

Price: £16.99 / $27 

Release date: Out now 
If you could 
resurrect one 
extinct animal, 
which would it be? 
This intriguing 
book seeks to 
answer whether 
we really could 
bring the likes of 
the T-rex, woolly 
mammoths, or 
even Elvis Presley, 
back from the dead. 

Written by comedian and professional 
science writer, Helen Pilcher, it explains 
the science of de-extinction in an 
informative and accessible style fora 
fascinating read. There’s a humorous, 
quirky tone to the writing, which makes 
the science engaging. Bring Back The 
King also examines the consequences of 
bringing extinct creatures back to life, 
and is likely to make you think and 
chuckle in equal measure. 


Sports Geek: A Visual feu 
Tour Of Sporting Myths, 


Debate And Data 


A guide to sport through 
the medium of statistics 


Author: Rob Minto 

Publisher: Bloomsbury 

Price: £12.99 / $20 

Release date: Out now 
Sports fans love a good stat, so what better 
than an entire book full of them? Sports 
Geek covers 21 major sports from football to 
swimming to golf. Naturally, a book of 
sports graphs isn’t for everyone and it’sa 
shame there aren't any images ofthe sports 
themselves. Critically though, this isn’t just 
a collection of random stats. 
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Being A Dog 
Ascientific look at the 
life of your pet pooch 


Author: Karen Wild 

Publisher: Octopus 

Price: £14.99 / $19.95 

Release date: Out now 
This unique title is based on the latest 
scientific research about our canine 
companions, explained ina very novel 
way. Told from a dog’s perspective, the 
book is packed full of interesting 
information, from why their sense of 
smell is so good to what different types 
of tail wags mean. 

Both a science book and a pet guide, 
the pages are littered with little 
fascinating facts to teach you more 
about how your dog sees the world. If 
you're looking for a stocking filler fora 
dog-loving friend this Christmas, Being 
A Dog would be a great choice. 





Big questions like “Is the Tour de France 
getting easier?” and “Just how important is 
home advantage?” are tackled, 
emphasising the issues in modern sport. 
Rather than being a simple pub quiz aid, 
this revealing read raises a lot of key points 
to consider in the world of sport. 


BOOK REVIEWS 
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LEDGE MAGAZINE FOR LESS WHEN YOU SUBSCRIBE! 


Every issue 
packed with... 


® Fascinating facts and mind-blowing science and tech 
Incredible photos and illustrations 
Insightful features and reviews of the latest gadgets 


Your questions answered 


Why you should 
subscribe... 


Save up to 36% off the single issue price 
Immediate delivery to your device 
® Never miss an issue 


Available across a wide range 
of digital devices 
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HOW TO... 


Practical projects to try at home 





Get in touch 


Want to see your ideas on this page? Send them to... 
fF ) How It Works magazine © @HowltWorksmag 
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Build a hologram projector 


Transform the 2D videos on your smartphone into dancing 3D 
holograms, using a projector made from simple household objects 




















ALONE 


’RE UNDER 
IF MAKE SURE 


Prepare your kit 

First, gather your tools. You will 
need a clear CD case, a pen or 
pencil, aruler, sticky tape, a craft 
knife, scissors, asmartphone and 
some graph paper. Make sure you 
choose a CD case no one will be 
wanting again, because it’1l soon 
be transformed into the frame of 
our projector! If you don’t have 
access to a CD case, you can use 
another clear, thin piece of plastic. 





Cut the panels 

Take your CD case cover and 
carefully snap off the raised sides 
so only the flat square sheet of 
plastic is left. Now with the help of 
an adult, place your paper 
template on the plastic and use the 
crafting knife to cut around the 
shape. Once you've cut your first 
piece, you can then use the plastic 
trapezoid panel as a template for 
the remaining three pieces. 


Use your hologram 

With your projector 
assembled, you just need to pick 
what you'd like your hologram to 
be. Find a specialist hologram 
video on YouTube - you could 
choose fireworks, jellyfish or even 
a Pikachu! Then lay your 
smartphone on a flat surface and 
place your projector in the centre 
of the screen. Now all you need to 
do is turn down the lights and 
enjoy your dancing hologram, 
which appears to be floating inside 
the projector! 





Make your template 

You will need to createa 
template for your projector panels. 
On the graph paper, use your 
pencil and ruler to draw a straight 
line about ten centimetres long 
down the page. Then draw the 
trapezoid shape with dimensions1 
X 3.5 x 6 centimetres, using the line 
as acentre point. Carefully cut the 
paper template free with a pair of 
scissors when you're done. 


Assemble the projector 

Now it’s time to bind your 
panels together with thin strips of 
sticky tape. Cut at least four strips 
of sticky tape, roughly two 
centimetres long and one 
centimetre wide. Hold two panels 
at an angle so that the connecting 
sides run parallel, and use the 
tape to attach them, then attach 
the remaining two panels one at 
atime. 


In summary... 

The projector panels take 
advantage of light refractions to 
form holograms. Specialist 
holographic videos will have four 
copies of the same moving image 
each facing the panels at the same 
orientation. When the light 
sources are refracted through the 
panels at a 45-degree angle, they 
combine to form an illusion of a3D 
object inside the glass. 


Disclaimer: Neither Future Publishing nor its employees 
can accept liability for any adverse effects experienced after 
carrying out these projects. Always take care when handling 
potentially hazardous equipment or when working with 
electronics and follow the manufacturer’s instructions. 








WWW.HOWITWORKSDAILY.COM 


094. | How It Works 


Make colour-changing flowers 


Use the power of capillary action to create your own custom-coloured carnations! 





Pick your tools 

For this experiment you'll need water, two 
vases or large glasses, one or two food 
colourings, scissors and a fresh white carnation 
with along stem. A sharp knife will also be 
needed at the next step, so make sure you've got 
an adult nearby who can help you. Although the 
flower has no roots, the stem can still suck up 
water, and we can use this experiment to show 
us just how far the water travels! 


In summary... 


Divide the stem 

First, carefully remove the last few 
centimetres of the flower’s stem using a pair of 
scissors. If you have a kitchen sink full of water 
nearby, you can ask an adult to cut the stem 
underwater for you, which will make sure no air 
gets trapped in the stem to block the flow of 
water. Next, ask an adult to use the sharp knife 
and cut the stem down the middle, leaving two 
separate stem ‘legs’ attached to the flower head. 


Plants absorb water through their roots, and it travels upwards through the stem by a process 
known as capillary action. We can see this natural process happen before our eyes by adding 
food colouring to the flower’s water source and watching it climb all the way into the petals. 


Add to coloured water 

Fill your two glasses with water and add 
your food colouring. Either add a different 
colour to each glass or leave one with just water. 
Place the glasses close to each other and add one 
part of the divided stem to each, then leave the 
flower for a few days. Which petals turned a 
different colour? If you used two different food 
colourings, did one change the colour of the 
petals quicker than the other? 





© Illustrations by Ed Crooks 





Charging up 
When his batteries are 
low, CHIP will 
automatically head to his 
SmartBed to recharge. 


Games 
CHiP will play fetch 
with its SmartBall, 
and can even play 

football with you! 










a) Rogue One 
b) Vogue One 
c) Brogue One 


WIN’ 


A robotic dog worth £199.99 
Meet CHiP - the Canine Home Intelligence Pet - your new 
robotic companion. CHiP features voice recognition to 
understand its master’s voice, and will obey commands like ‘sit’, 
‘stay’ and ‘lay down’. Ifyou say ‘yoga’, he’Il even do a handstand! 


What is the title of the latest Star Wars film? 


Enter online at www.howitworksdaily.com and one lucky reader will win! 
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INBOX 


Speak your mind... 








® Dear HIW, 


|am always excited when | get my latest copy of How It 
Works magazine through my letterbox. It is always jam 
packed full of wonderful facts, articles, information and 
brilliant pictures of the latest technology, science, wildlife 
and history. | would like to ask two questions: How and 
why do we laugh? And how and why do swifts make 
such amazing patterns in the sky during flight? 


Clara Benwell 


Laughing involves several different regions of 
the brain, but mainly those associated with 
emotional responses, such as the frontal lobe 
and amygdala. The brain sends signals to various 
parts of the body, including our cheek muscles, 
lungs and vocal cords, in order to produce a 
laugh. The ‘why’ is slightly trickier to answer, but 


What’s oli: on... 
Twitter? 


Make sure you follow us 
@HowltWorksmag for 

re] nate Viale Wiel einem exe) pa) e\o1a1u(e) as) 
and the latest in science & tech! 


Fs @HarrietLovesMJ 
@HowltWorksMag - Yet another great 
issue! Found the article about Fabergé 
Eggs really interesting! 


, =. 


- re 
par 


¥F @c_stimp 
| think it is fair to say | quite like 
@HowltWorksmag 


> @speedimpexusa 

Hey #TWTR. Ever wonder “WOW, how 
does that work?” Well 
@HowltWorksmag has just the answer 


FY @kristawelz 

Interesting article on the future of 
teaching. Via @HowltWorksmag 

> @dhesi_mia 

10 accidental discoveries that changed 
the world. Who would’ve imagined? 
This is why | love this mag! 
@HowltWorksmag 
 @MorevtterPiffle 

We've just sorted a subscription to 
@HowltWorksmag! 
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Why do we laugh? 














we can suggest a popular theory. Most experts 
agree that laughter is fundamentally a social 
tool. It overcomes language barriers, and babies 
start giggling and smiling after only a few 
months so that they can interact with their 
parents. Ultimately, laughter is for bonding, and 
we use it subconsciously. For example, have you 
noticed that you laugh more when watching a 
comedy with your friends than you do when 


you’re alone? 
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Big brains 
: Mi Dear HIW, 


: Is it true that we can only access 10 per 
cent of our brains? And if so, do more 

: intelligent people therefore access more of 
: their brain? 

: Sarah Corbin 


A salty situation 


My dad and | have different opinions of 
how long seawater will take to dissolve a 
piece of fabric, such as cotton. Personally, | 
think it will probably take years, but I’m 
Unable to convince my dad who believes it 
will take weeks. What is your take on this? 
Jean 





Fabrics such as cotton are made 
from plant fibres, so 90 per cent of 
their composition is cellulose. 
Cellulose isn’t broken apart as it 
binds to water, which is why cotton 
towels are good at mopping up spills 
and don’t disintegrate in the 
washing machine. The salt in 





To answer your second question, the flight 
patterns of swifts are also thought to be a social 
behaviour, and are sometimes used by the birds 
to court a mate. They can weave around the sky, 
thanks in part to large wingtip bones, which are 
able to adjust the shape and area of their wings 
for quick changes in direction. 


Get in touch 


Want to see your letters on this page? Send them to... 
£) How It Works magazine © @HowltWorksmag 
© howitworks@imagine-publishing.co.uk 


seawater would have little effect on 
the cellulose - it’s more likely to be 
degraded by microbes in the water. 
The size of the fabric would also 
affect the time it would take to 
disintegrate. It would probably take 
months, more likely towards a year, 
until a piece of cotton fabric would 
be broken down in seawater. 





Our seas dissolve most compounds that 
form bonds with water molecules 


conundrum 
® Dear HIW, 


| love your magazines and have been 
reading them since issue 1 and subscribed 
at about 20! | was wondering: Why do 
bubbles always go to the outside of the 
glass or cup? 

Nick Richards 


That’s great to hear, Nick! And we 
can answer your question by 
considering how bubbles behave in 
liquids. All liquids contain at least 
some gases, and fizzy drinks have 
had extra gas added by carbonation. 
However, these gases will usually 
only form into bubbles on tiny 


crevices or bumps. Glasses and cups 


have microscopic flaws like these in 
their surfaces, which is why the 
bubbles tend to cling to them. 


Bubbles grow on tiny ridges in the glass, 
and float up when they get too big 





: In reality there’s no evidence to 

: suggest that this statement is 

> anything more than a myth. Our 
_: brains are actually formed from 

: many distinct sections that are 

: responsible for different tasks - 

> such as the regulation of breathing, 
: emotions and planning - and we use 
: them all regularly. Intelligent people 
: don’t seem to use any more or less 

: of their brain, but there is evidence 
si iii ca iii lv cl a inc lad ain : to suggest that clever people have 

: better connections between 

: different parts of their brains. 





: Our brain is divided into many regions 
: that perform different tasks 
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An Introduction tothe 
Wonders of the Weather 
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Bringing Air to Saturation 
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Professor Robert G: Rows Clouds, Stability, and Buoyancy, Part 1 
University of California, Los Angeles 10. Clouds, Stability, and Buoyancy, Part 2 
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13. The Global Atmospheric Circulation 
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24. The Imperfect Forecast 





Explore the Mystery and 
Intrigue behind the Weather [RRRAe::auemem 


Weather affects your life every day. From the transformation of water vapor 
into clouds to the swirling winds of a tornado, meteorological events are f 
the result of intricate interactions between powerful forces around you. SAVE £30 
To grasp the mystery of these phenomena is to understand a remarkably 
complex system that continues to captivate scientists. 
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DVD £84-99 


+£2.99 Postage and Packing 
foray into an enthralling field of study. In 24 engaging lectures, you'll explore Priority Code: 138547 


Meteorology: An Introduction to the Wonders of the Weather is a fascinating 


the often surprising, always intriguing workings of the weather, guided by expert 
atmospheric scientist and professor Robert G. Fovell. Combining geography, 
chemistry, physics, and other disciplines, he offers insights into lightning, cyclones, For over 25 years, The Great Courses has brought the 
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Everything you Need 


in One Box 
Get set up and started with astronomy in minutes. 





» Stable Mounts, . 
'  Finderscopes and Slow as 
Motion Controls Ue) 


Allow smooth, easy tracking of objects for more 
enjoyable exploration of the night sky. 


Sky and Land-Based 
Viewing 

Stars, planets, lunar surface, deep space or land. 
Infinite possibilities are at your fingertips. 
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